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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for producing a composition containing starch for heat cooking.

BACKGROUND ART

[0002] Recently, food products have been required to combine not only good taste but also a beautiful appearance. In
particular, there has been a demand for foods with a highly matte appearance to give a natural impression when
photographed.
[0003] However, there are no conventional compositions for heat cooking that are less prone to shape disintegration
during heat cooking and, at the same time, have a highly matte appearance.
[0004] In this regard, a method conventionally known to the art prevents vegetable tissues from collapsing and losing
shape when stewing vegetables by using, as an anti-disintegration agent during stewing, a sugar composition containing
35 mass % or more of maltotriose relative to the total solid content (JP2015‑181417 A).
[0005] US 5 989 620 A discloses a high temperature extrusion process for producing legume pasta products.
[0006] Guo Qingbin et al. dealed with physicochemical and molecular characterization of corn soy blends prepared
using single& twin screwextruders (GuoQingbin et al., JOURNALOFCEREALSCIENCE,ACADEMICPRESSLTD,GB,
vol. 79, 27 December 2017 (2017‑12‑27), pages 486‑493).
[0007] US2018/360079A1 discloses a pulse-based pasta and amethod ofmanufacturing the pulse based-pasta using
a heat and moisture treatment process.
[0008] US 2019/387774 A1 discloses a production process of a retortable gluten-free pasta.
[0009] Gimenez Ma et al., dealed with effect of extrusion conditions on physicochemical and sensorial properties of
corn-broad beans (Vida faba) spaghetti type pasta (FOOD CHEMISTRY, vol. 136, no. 2, pages 538‑545).
[0010] However, the anti-disintegration agent during stewing described in JP2015‑181417 A has a problem in that the
unique flavor and texture of maltotriose is imparted to the food product, and that the high content of sugar results in a
composition lack of a matte texture and with an inferior appearance.

SUMMARY OF INVENTION PROBLEM TO BE SOLVED BY THE INVENTION

[0011] A problem to be addressed by the present invention is to provide a method for producing a starch-containing
composition for heat cooking which does not easily disintegration in shape during heat cooking in liquid, and which has a
highly matte texture and an excellent appearance.

MEANS TO SOLVE THE PROBLEM

[0012] Through intensive efforts in view of various plant starches and their processing conditions, the present inventors
have found that a composition that has both amatte appearance and resistance to disintegration during heat cooking can
beproducedbyamethod inwhich a composition containing certain amounts of starchandmoisture is pressurized, heated
andkneaded, and then rapidly depressurizedandcooledusinganextruder capable of rapiddepressurizationwith cooling,
to thereby disintegration the starch grains in the raw material and then to form an aged starch layer on the surface of the
composition while creating a strong starch matrix structure inside the composition. Based on these findings, the present
inventors have further conducted diligent research, and have finally completed the following inventions.
[0013] The present invention relates to a method for producing a starch-containing composition for heat cooking using
an extruder (100) comprising: a screw (300) to be rotated by a motor; a barrel (200) surrounding the circumference of the
screw (300); a feeder (400), attached to the base side of the barrel (200), for injecting a food material; and a die section
(500), attached to the tip side of the barrel (200), for molding and discharging a kneaded foodmaterial; wherein the screw
(300) includes, from the base side to the tip side, at least a first flight section (300A) and a kneading section (300B) and the
barrel (200) hasa vent section (600) at a position around the tip side on the kneading section (300B) of the screw (300), the
method comprising the steps of: (i) preparing a compositionwith an insoluble dietary fiber content of 3.0mass%ormore in
termsofwetmass basis, a starch content of 10.0mass%ormore in termsofwetmass basis, a protein content of 3.0mass
% or more in terms of wet mass basis, and a dry mass basis moisture content of more than 25mass%, and optionally the
preparation of the composition includes adding moisture to a raw material before being injected to the extruder (100); (ii)
heating the composition prepared at step (i) along a course from the first flight section (300A) to the kneading section
(300B) so as to reach a temperature of 100 °Cormore but 200 °Cor less at the kneading section (300B) under pressurized
conditions,while kneading the compositionwith anSMEvalue of 350 kJ/kg ormore, optionally the composition kneaded is
cooledby20°Cormorealongacourse from thekneadingsection (300B) to thedie section (500), andoptionally thedegree
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of gelatinization of starch in the composition after the kneading at step (ii) is 30 mass % or more; (iii) depressurizing the
composition kneadedat step (ii), from thepressurizedstateat the kneadingsection (300B) toatmospheric pressureor less
at the vent section (600), and optionally the depressurization at is carried out by forced exhaustion from the vent section
(600); and (iv) lowering the degree of gelatinization in the composition kneaded at step (ii) by 6 mass % or more at the
kneadingsection (300B)andonwardbymaintaining thedrymassbasismoisture content at 25mass%ormore for 0.1hour
or longer after the composition temperature is lowered to less than 90°C after step (ii), and optionally the degree of
gelatinization of starch in the composition after the decrease in thedegreeof gelatinizationat step (iv) is 90mass%or less.

EFFECT OF THE INVENTION

[0014] The present inventionmakes it possible to produce a starch-containing composition for heat cookingwhich does
not easily disintegration in shape during heat cooking in liquid, and which has a highly matte texture and an excellent
appearance.

BRIEF EXPLANATION OF FIGURES

[0015]

[Figure 1] Figure 1 is a cross-sectional view schematically showing an illustrative configuration of an extruder
according to a first embodiment for use in the production method of the present invention.
[Figure 2] Figure 2 is a side view schematically showing an illustrative configuration of a screw for use in the extruder
according to the embodiment shown in Figure 1.
[Figure 3] Figure 3 is a cross-sectional view schematically showing an illustrative configuration of an extruder
according to a second embodiment for use in the production method of the present invention.
[Figure 4] Figure 4 is a side view schematically showing an illustrative configuration of a screw for use in the extruder
according to the embodiment shown in Figure 3.
[Figure 5] Figures 5A and 5B are cross-sectional views each schematically showing a variant of a die section of an
extruder for use in the productionmethod of the present invention (including both the first and second embodiments).

DESCRIPTION OF EMBODIMENTS

[0016] An embodiment of the present invention relates to a method for producing a starch-containing composition for
heat cooking with specific properties (hereinafter also referred to as "the starch-containing composition of the present
invention" or "the composition of the present invention") using a specific extruder (hereinafter also referred to as "the
production method of the present invention"). The following description will be made first on the features of the specific
extruder for use in the production method of the present invention (hereinafter also referred to as "the extruder of the
present invention"), and then on the features of the production method of the present invention using the extruder of the
present invention.

[I. Extruder]

(Configuration of the extruder)

[0017] Typical extruders include uniaxial extruders and biaxial extruders, of which uniaxial extrudersmay preferably be
used in the production method of the present invention. Apparatuses generally referred to as extruders (especially those
referred toas "extruders"or "singlescrewextruders"outsideJapan)encompass those thatmerelyhaveamixeror kneader
function, but such an extrusion apparatus is not preferred because it cannot provide strong kneading that is one of the
features of the production method of the present invention, making it difficult to form the characteristic composition
structure that is to be created by the production method of the present invention.
[0018] The extruder of the present invention includes: a screw to be rotated by a motor; a barrel surrounding the
circumference of the screw; a feeder, attached to the base side of the barrel, for injecting a foodmaterial; and a die section
attached to the tip side of the barrel. According to an embodiment, the screw in the extruder of the present invention may
include, from thebaseside to the tip side (i.e., in thedirectionof extrusionor towards theextrudingside), a first flight section
andakneadingsection, andhaveaconfiguration inwhich thebarrel hasavent sectionatapositioncorresponding to the tip
sideof the kneading section of the screw.According to anembodiment, the vent section and thedie sectionmaypreferably
have been integrated into a single section. According to an embodiment, the screw in the extruder of the present invention
may include, in addition to the embodiment(s) mentioned above, a second flight section on the tip side of the kneading
section, and the barrel may preferably have a vent section at a position corresponding to the base side start point of the
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second flight section of the screw. The barrel may also preferably have a heater in the area corresponding to the first flight
section and the kneading section and a cooler in the area corresponding to the second flight section.
[0019] Aswill be discussed below,most of the steps of the productionmethod of the present invention using this specific
extruder are carriedout at high temperaturesand/or under highpressure. It goeswithout saying, therefore, that eachof the
elements constituting the extruder of the present invention should have sufficient temperature-resistance and pressure-
resistance, depending on its function and the temperature and pressure required for the steps of the productionmethod of
the present invention.
[0020] Examples of configurations of the extruder for use in the production method of the present invention will be
described in detail below using schematic figures. However, these figures are merely examples of extruders that can be
used for theproductionmethodof thepresent invention from theviewpoint of facilitating theunderstandingof the invention.
The extruder that can be used for the production method of the present invention is in no way restricted by these figures.
[0021] Figure1 isa cross-sectional viewschematically showingan illustrative configurationofanextruder according toa
first embodiment for use in the productionmethod of the present invention. The extruder 100 shown in Figure 1 includes a
barrel 200, which has an elongated cylindrical form, and a screw 300, which is arranged inside the barrel 200 and has an
elongateduniaxial form,aswell asa feeder400, adie section500 (which includesaflowchannel in thedie section that runs
from inside the barrel to the outside, as represented by broken lines), a vent section 600, a heater 700, and a cooler 800,
which are arranged on their respective positions on the barrel 200.
[0022] Figure 2 is a side view schematically showing an illustrative configuration of a screw 300 for use in the extruder
according to the embodiment shown in Figure 1. The screw 300 has a base side end point and a tip side end point, and the
base side end point is connected to the rotary shaft of amotor (not shown) and is configured to be driven by rotation. From
its base side (motor side) to its tip side (opposite side) (i.e., in the extrusion direction indicated by the white arrow in the
figure), the screw has a first flight section 300A, a kneading section 300B, and a second flight section 300C. The
circumferencesof the first flight section300Aand thesecondflight section 300Careprovidedwith spiral convexstructures
(flights or flight structures), while the circumference of the kneading section 300B is provided with known structures for
kneading (e.g., concave and convex structures).
[0023] As shown in Figure 1, when the screw 300 is arranged inside the barrel 200, the barrel 200 can be divided into
three regions 200A, 200B, and 200C,which correspond to the first flight section 300A, the kneading section 300B, and the
second flight section 300C of the screw 300, respectively. These three regions 200A, 200B, and 200C of the barrel 200
herein may also be referred to as first flight section 200A, kneading section 200B, and second flight section 200C, in
accordance with the names of the corresponding three sections of the screw 300. In addition, when the corresponding
sectionsof thebarrel 200and the screw300are referred towithout distinction, theymaycollectively referred to as, e.g., the
first flight section 200A,300A, the kneading section 200B,300B, and the second flight section 200C,300C.
[0024] The feeder 400maybe located near the base side of the first flight section 200Aof the barrel 200 (specifically, the
feeder 400may preferably be located at a position on the barrel corresponding to the first half of the first flight section, i.e.
within 50%of the total length of the first flight section from the base side start point of the first flight section,more preferably
within 20%of the total length of the first flight section from the start point of the first flight section, still more preferablywithin
5%of the total lengthof the first flight section from thestart point of the first flight section,most preferably inapositionon the
barrel corresponding to the base start point of the first flight section), andmay be configured so that the foodmaterial to be
kneaded can be fed into the barrel 200 (into the space between the barrel 200 and the screw 300) through the feeder 400.
[0025] Thedie section500maybeattached to thebarrel 200near the tip sideendpoint of thesecondflight section200C,
and may be configured to allow the composition kneaded by the screw 300 to be discharged with molding.
[0026] The vent section 600may be attached to the barrel 200 near the base side of the second flight section 200C (the
detailed location will be described later), and may be configured to exhaust gas present in the space between the barrel
200 and the screw 300 so as to adjust its pressure.
[0027] The heater (heating equipment) 700may be attached to the barrel 200 around the first flight section 200A and/or
the kneading section 200B, andmay be configured to heat the barrel 20 so as to adjust the temperature of the composition
inside the barrel 200 (the space between the barrel 200 and the screw 300) segment by segment. From the viewpoint of
exhibiting the effects of the present invention, the heater 700may preferably be installed around the barrel circumference
corresponding at least to the entire length of the kneading section 200B,more preferably around the barrel circumference
corresponding to the entire length of the kneading section 200Band the secondhalf of the first flight section 200A, i.e. from
the mid-point of the entire length of the first flight section 200A to the tip side end point of the first flight section 200A, still
more preferably around the barrel circumference corresponding to the entire length of the kneading section 200B and the
entire length of the first flight section 200A.
[0028] The cooler (cooling equipment) 800 may be attached to the barrel 200 around the second flight section 200C or
the die section, and may be configured to cool the barrel 200 or the die section 500 so as to adjust the temperature of the
composition inside the barrel 200 (the space between the barrel 200 and the screw 300) around the second flight section
200C,300C or the temperature of the composition extruded from the die section. From the viewpoint of exhibiting the
effects of the present invention, the cooler 800 may preferably be installed over a predetermined area around the barrel
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circumference corresponding to the entire length of the barrel 200C and/or at the die section. Specifically, the cooler 800
may preferably be installed over 30 % or more of the entire length of the barrel 200C, or preferably over 50 % or more or
more of the entire length of the barrel 200C, or preferably over 90%ormore ormore of the entire length of the barrel 200C,
or preferably over 30%ormore ormore of the entire length of the barrel 200C, or preferably over 100%ormore ormore of
the entire length of the barrel 200C.
[0029] When theextruder according to thefirst embodiment 100 is used, each rawmaterial of the composition is injected
via the feeder 400 into the barrel 200 from the base side (the space between the barrel 200 and the screw 300), and the
screw 300 is driven in a predetermined direction inside the barrel 200. The dough composition composed of these raw
materials is thereby kneaded while being conveyed from the base side towards the tip side as the screw 300 rotates, and
the kneaded composition is molded and discharged via the die section 500. In addition, the composition is heated by the
heater 700 during conveying by the first flight sections 200A,300A and during kneading by the kneading sections
200B,300B. Once the kneading by the kneading sections 200B,300B ends, the composition is then vented and
depressurized by the vent section 600 and cooled by the cooler 800 while conveyed by the second flight sections
200C,300C, and finally molded and extruded by the die section 500.
[0030] Figure3 isa cross-sectional viewschematically showingan illustrative configurationofanextruder according toa
second embodiment for use in the production method of the present invention. The extruder 102 shown in Figure 3
includes a barrel 202, which has an elongated cylindrical form, and a screw 302, which is arranged inside the barrel 202
and has an elongated uniaxial form, aswell as a feeder 402, a die and vent section 502/602 (which includes a flowchannel
in the die section that runs from inside the barrel to the outside, as represented by dashed lines), and a heater 702, which
are arranged on their respective positions on the barrel 202.
[0031] Figure 4 is a side view schematically showing an illustrative configuration of a screw 302 for use in the extruder
according to theembodiment shown inFigure3.Thescrew302hasabasesideendpoint anda tip sideendpoint, and from
its base side (motor side) to its tip side (opposite side) (i.e., in the extrusion direction indicated by the white arrow in the
figure), the screw has a first flight section 302A and a kneading section 302B, but does not have a second flight section.
Correspondingly, thebarrel 202shown in thefigurealsohas, from itsbaseside to its tip side, a first flight section202Aanda
kneading section 202B, in order from its base side to its tip side, but does not have a second flight section.
[0032] The extruder according to the second embodiment 102 is different from the extruder according to the first
embodiment 100 in that the barrel 202 and the screw 302 have no second flight sections, and the die and vent section
502/602 is provided on the base side end point of the kneading section 202B of the barrel 202. Other points (e.g., as
described below, a flow retarding structure may preferably be installed at a position between the tip side end point of the
kneading section 202Band the die section 502/602, or a cooler 802maypreferably be installed at the die section 502/602)
are the same as the extruder according to the first embodiment 100, so details thereof are omitted.
[0033] When the extruder according to the second embodiment 102 is used, each raw material of the composition is
injectedvia the feeder402 into thebarrel 202 from thebaseside (thespacebetween thebarrel 202and thescrew302), and
the screw 302 is driven in a predetermined direction inside the barrel 202. The dough composition composed of these raw
materials is thereby kneaded while being conveyed from the base side towards the tip side as the screw 302 rotates, and
the kneaded composition is molded and discharged via the die section 502. In addition, the composition is heated by the
heater 700 during conveying by the first flight sections 202A,302A and during kneading by the kneading sections
200B,300B. Once the kneading by the kneading sections 202B,302B ends, the composition is then vented, depressur-
ized, molded and extruded by the die and vent section 502/602 while being cooled by the cooler 802.
[0034] Various modifications may be made to the extruders of each of these embodiments. For example, a part of the
flowchannel of the die sections 500and502maybeextendedandacooler 802maybeprovidedaround theextended flow
channel. Figures 5A and 5B are both cross-sectional views schematically each showing a variant of the die section having
amodifiedconfiguration.Thevariantsof thedie sectionsshown inFigures5Aand5Bdescribedbeloware indicatedsimply
for thepurposeofexamples, andpossible configurationsof thediesectionsarenot limited to thesevariants. Inaddition, the
variant(s) of the die section(s) shown in Figures 5A and 5B described below may be combined together or with the first
and/or second embodiment(s) described above as appropriate. All possible combinations are included in the present
invention.
[0035] The die section 500A according to the variant shown in Figures 5A (which includes a flow channel in the die
section that runs from inside the barrel to the outside, as represented by broken lines) has a plurality of branch flow
channels each having an extrusion opening at its tip end point, and each branch flow channel is formed in an elongated
shape, and coolers 800A/802A are provided around such elongated branch flow channels. When the die section 500A
according to this variant is used, the composition kneadedand conveyedby the screwand thebarrel in the previous step is
branched into theplurality of branchchannelswithbeingcooledby thecoolerswhenpassing through thebranchchannels,
and then extruded from the extruder at the end of each branch channel to bemolded. The number of the coolers installed
and the area where the coolers are installed are not limited, and may be determined as appropriate. Any cooler with an
appropriate cooling capacity can be used, a preferred example being a jacket system (e.g., a water jacket system using
water asa refrigerant to cool the cooler),which includesacooler suchasa coolingwater pipe installedon the surfaceof the
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part surrounding thearea tobecooled, such that thecooleracts indirectlyon thearea tobecooled. In this variant, thepiping
maybe installed soas towrap aroundeach elongated branch flowchannel. The number of the elongated branch channels
is not limited andmay be any number, depending on the number of one ormore flow channels in the die section, such that
they penetrate from inside the barrel to the outside. Alternatively, a plurality of elongated branch flow channels can be
attached to theflowchannel penetrating from inside thebarrel to theoutside in thedie section. In this case, for example, the
plurality of elongated branch channelsmay be formed so as to radially diverge (as if fan boneswidening) on a virtual plane
starting from the tip end point of the channel inside the die section that penetrates from the barrel interior to the exterior.
Alternatively, the plurality of elongated branch channels may be formed so as to expand conically towards the extrusion
direction (i.e., the plurality of branch flow channels may be connected directly to the flow channel penetrating the die
section from inside to the outside of the barrel, without a trunk flow channel as shown in Figure 5B) .
[0036] Thedie section500Baccording to the variant shown inFigure5B (which includesaflowchannel in thedie section
that runs from inside the barrel to the outside, as represented by broken lines) has a trunk flow channel into which the
composition flows from the screwandbarrel side, and a plurality of branch channels branching from the trunk flowchannel
and each having an extrusion opening at the tip end thereof, the trunk flow channel and/or each branch channel being
formed inanelongatedshape.Thedie section500Balsohascoolers800B/802Bprovidedaround theelongated trunk flow
channel and/or each branch channel. When the die section 500B according to this variant is used, the composition
kneaded and conveyed by the screw and the barrel in the previous step is received by the trunk flow channel, and then
enters the plurality of branch flowchannelswith branching, and cooledby the coolers in the trunk flowchannel and/or each
branch flowchannel, and is finally extruded from theextruderwhile beingmoldedat the endof eachbranch channel. In this
variant, the coolermaybe installedonly around the trunk flowchannel, or aroundeachbranchflowchannel, or botharound
the trunk flow channel and around each branch flow channel. However, the cooler may preferably be installed at least one
position around the trunk flow channel to efficiently cool the entire dough composition, more preferably both one or more
positions around the trunk flow channel and one or more positions around each branch flow channel. The number of the
coolers installed and the area where the coolers are installed are not limited, andmay be determined as appropriate. Any
cooler with an appropriate cooling capacity can be used, a preferred example being a jacket system (e.g., a water jacket
systemusingwater as a refrigerant to cool the cooler), which includes a cooler suchasa coolingwater pipe installed on the
surface of the part surrounding the area to be cooled, such that the cooler acts indirectly on the area to be cooled. In this
variant, the piping may be installed so as to wrap around the trunk flow channel and/or each branch flow channel. In the
embodiment of thedie sectionhavinga trunkflowchannel andaplurality of branchflowchannels, thenumberof thebranch
flow channels to be connected to the trunk flow channel is not limited and may be any number. The cross-section of the
trunk flowchannelmaybeelongated transversely to theextrusiondirection (e.g., rectangular or elliptical), andanynumber
of branch channels may be connected to its tip end. Alternatively, the cross-section of the trunk flow channel may be
expanded in area gradually in the extrusion direction. There is also no any restriction to the connection sites between the
trunk flow channel and each branch flow channel, and also to the shape and the direction of each branch flow channel.
Examples include, but are not limited to: (a) an embodiment where the plurality of branch flow channels are connected to
the tip side end point of the trunk flow channel and formed so as to diverge radially on a virtual plane (as if the branch flow
channels are formed like fan bones spreading out from the tip of the trunk flow channel) ; (b) an embodiment where the
plurality of branch flow channels are connected to the single point on the trunk flow channels and formed so as to expand
conically along thedirectionofextrusion; and (c) anembodimentwhere theplurality of branchflowchannelsareconnected
to different points of the trunk flow channel and formed so as to expand conically along the direction of extrusion.
[0037] The die sections 500A, 500B and the coolers 800A, 800B of each of the above variants may be installed in any
type of extruder without limitation. That is, theymay be installed in the extruder 100 of the first embodiment, in the extruder
102 of the second embodiment as the coolers 802A and 802B, or in any other types of extruders of any modifications.
[0038] The configuration and operation of the extruder of the present invention are described in more detail below.

(Screw)

[0039] As described above, the screw to be used in the extruder of the present invention is an elongated screw having a
base end and a tip end, with the base end connected to the rotary shaft of a motor to drive the rotation.
[0040] The shape of the screw to be used in the extruder of the present invention is not limited, but may preferably be a
flight screw or a flight-based screw. The term "flight screw" herein refers to a screw composed of a cylindrical base shaft
with spiral ridges (flights) formedonapart or all of its circumferencesurface such that the ridgesdefinescrew threadswhile
the remaining areas on the circumference surface other than the ridges define thread grooves. Alternatively, the flight
screwmay have a structure with an uneven groove bottom shape, specifically a wave shape where the groove bottom of
each flight is uneven along the groove width, or may be a sub-flight type screw with main flights and sub flights.
[0041] Specifically, the screw to be used in the extruder according to the first embodiment has, from its base side (motor
side) to its tip side (opposite side), a first flight section, a kneading section, and a second flight section, and each of the first
and second flight sections has screw flights on its circumference surface. On the other hand, the screw to be used in the
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extruder according to the second embodiment has, from its base side to its tip side, a first flight section and a kneading
section but lacks a second flight section, and the first flight section has screw flights on its circumference surface.
[0042] The diameter (D) of the screw to be used in the present invention is not restricted, but may preferably be typically
25mmormore, particularly 30mmormore, or 35mmormore, or 40mmormore, especially 45mmormore, and typically
300mmor less, particularly 200mmor less, or 150mmor less. The diameter of the screwherein refers to a value obtained
bysettingavirtual cuttingplane to cut the screwperpendicular to its axis of rotation, connectingany twopointson the screw
circumferenceon thevirtual cuttingplane todetermine the lengthof the longest linesegment (longest linesegment length),
determining the longest line segment lengths at multiple points along the entire screw length including the threaded area,
and calculating the arithmetic mean of the longest line segment lengths. Incidentally, the average value herein (also
referred to simply as the average or arithmetic average value) refers to an arithmetic average value unless otherwise
specified.
[0043] The length (L) of the screw to be used in the present invention is not restricted, but may preferably be typically
1000mmormore, particularly 1100mmormore, or 1200mmormore, or 1300mmormore, especially 1400mmormore.
The upper limit is also not particularly restricted, but may preferably be 5000 mm or less, particularly 4000 mm or less, or
3000 mm or less.
[0044] The ratio of the length to the diameter (L/D) of the screw to be used in the present invention is not restricted, but
may preferably be 20 or higher, particularly 25 or higher, still more particularly 30 or higher, especially 35 or higher. When
the L/D ratio of the screw is adjusted to these lower limits or higher, the resulting composition tends to exhibit a smooth
surfaceonaconsistent basiswith less flouriness to be felt oneating.On theotherhand, theupper limit of theL/D ratio of the
screw is also not particularly restricted, but may preferably be typically 300 or lower, particularly 200 or lower, more
particularly 100 or lower. In particularly, it may be especially preferable to use a screw having a L/D ratio satisfying these
preferred range in combination with a specific raw material (micronized pulse) having a particle diameter d50 after
ultrasonication satisfying a preferred range as will be explained below, and carrying out the production with adjusting the
ratio of the total mass flow rate (also referred to as the flow volume) to the internal content of the extruder to within a
predetermined range as will be explained below, since this may promote the tendency for the resulting composition to
exhibit a smooth surface on a consistent basis with less flouriness to be felt on eating. The "L/D ratio" of a screw herein
refers to the ratio of the length of the screw (L) to the diameter of the screw (D).

(First flight section)

[0045] In the screwof the extruder according to the first embodiment, the first flight section refers to a sectionwith screw
flights on its circumferential surface that is located on the base side (motor side) with respect tomost (preferably all) of the
kneading section and all of the second flight section. In the screwof the extruder according to the second embodiment, the
first flight section refers to a section with screw flights on its circumferential surface that is located on the base side (motor
side)with respect tomost (preferablyall) of thekneadingsection. In theproductionmethodof thepresent invention, thefirst
flight section has the function of conveying the composition to the tip side as the screw rotates while heating the
composition by optionally using a heater, thereby causing the starch grains in the composition to swell with water by
heating.
[0046] The flight structure in which the composition is conveyed to the tip side as the screw rotates may be referred to
herein as the "forward flight," while the flight structure in which the composition is conveyed to the base side as the screw
rotates hereinmay be referred to herein as the "reverse flight." In addition, in each of the first flight section and (in the case
of the screwof the extruder according to the first embodiment explainedabove) the second flight section, a sectionwith the
forward flight may be referred to as the "forward flight section," and a section with the reverse flight as the "reverse flight
section."
[0047] The length of the first flight section is not restricted, but may preferably account for a specific ratio or more to the
total length of the screw, since this may promote the starch grains in the composition to swell with water by heating.
Specifically, the ratio of the lengthof the first flight section to the total length of the screwmaypreferably be typically 20%or
more, particularly 25%ormore, or 30%ormore, or 35%ormore, or 40%ormore, or 45%ormore, or 50%ormore.On the
otherhand, theupper limit of the ratioof the lengthof thefirst flight section to the total lengthof thescrew isnot restricted,but
maypreferablybe typically 80%or less, or 70%or less, or 60%or less, in consideration to the relationshipwithother screw
components,.
[0048] The ratio of the length of the flight screw section to the total length of the first flight section may preferably be
typically 90%ormore, particularly 95%ormore, especially 100%.On the other hand, the ratio of the length of the reverse
flight section to the total length of the first flight section may preferably be typically 10 % or less, particularly 5 % or less,
especially 0%.
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(Kneading section)

[0049] In thescrewof theextruder according to thefirst embodiment, thekneadingsection refers toaknownstructure for
kneading themajority (preferablymore than 70%,more preferablymore than 90%, still more preferably 100%) of which is
located between the first flight section and the second flight section (specific examples include Maddock mixing section,
Egan mixing section, blister ring mixing section, pin mixing section, Dulmage mixing section, Saxton mixing section,
pineapple-type mixing section, mixing section having a screw with groove holes (will be explained later), cavity transfer
mixing section, and any combinations thereof). In the screw of the extruder according to the second embodiment, the
kneading section refers to a known structure for kneading the majority (preferably more than 70%, more preferably more
than 90%, still more preferably 100%) ofwhich is located on the tip sidewith respect to the first flight section. The kneading
section to be used in the present invention screw has the function to break up and knead the composition flow by heating
the composition with a heater so as to decompose the starch grains by high-temperature strong kneading under
pressurized conditions.
[0050] The form of the kneading section is not particularly restricted, but from the viewpoint of preventing the
composition from being burnt, it may be preferable that no Dulmage screw structure or barrier-type screw structure,
which has a lot of grooves, is formed on the circumferential surface of the kneading section, or if any, the proportion of the
areawith suchastructure is limited.Specifically, the ratio of the lengthof anareawith aDulmagescrewstructureor barrier-
type screw structure to the total length of the kneading sectionmay preferably be typically 10%or less, particularly 5% or
less, especially substantially 0% (i.e., substantially no such structure is formed).
[0051] The length of the kneading section is not restricted, butmay preferably account for a predetermined ratio ormore
with respect to the total length of the screw, since this may serve to decompose the starch grains by high-temperature
strong kneading under pressurized conditions. Specifically, the ratio of the length of the kneading section to the total length
of the screwmay preferably be typically 20%ormore, particularly 25%ormore, or 30%ormore, or 35%ormore, or 40%
ormore, or 45%ormore, or 50%ormore.On theotherhand, theupper limit of the ratioof the lengthof thekneadingsection
to the total length of the screw is not restricted, butmay preferably be typically 80%or less, or 70%or less, or 60%or less,
in consideration to the relationship with other screw components.

(Second flight section)

[0052] In the screw of the extruder according to the first embodiment, the second flight section refers to an optional
sectionwith screwflightson its circumferential surface that is locatedon the tip side (extrusionside)with respect toall of the
first flight section and most (preferably all) of the kneading section. In the production method of the present invention, the
second flight section has the function of conveying the composition from the kneading section to the die section on the tip
side as the screw rotateswith a quick drop in the pressure by the vent section, thereby homogenizing the compositionwith
decomposed starch grain structures to form a starch matrix structure so as not to generate heat and, optionally, rapidly
lowering the composition temperature using a cooler to locally age the starch near the composition surface.
[0053] The length of the second flight section is not restricted.However, if the second flight section is too long, the starch
in the compositionmay be so aged as to prevent the resulting composition frombeing discharged. Accordingly, the ratio of
the length of the second flight section to the total length of the screw may preferably be a predetermined limit or lower.
Specifically, the ratio of the length of the second flight section to the total length of the screwmay preferably be typically 50
%or less, particularly 45%or less, or 40%or less, or 35%or less, or 30%or less. On the other hand, the lower limit of the
ratio of the lengthof the second flight section to the total length of the screw is not restricted.However, from the viewpoint of
homogenizing the composition with decomposed starch grain structures to form a starch matrix structure so as not to
generate heat and, optionally, rapidly lowering the composition temperature using a cooler to locally age the starch near
the composition surface, the ratiomaypreferably be typically 5%ormore, particularly 10%ormore, or 15%ormore, or 20
% or more.
[0054] The ratio of the length of the flight screw section to the total length of the second flight section may preferably be
typically 90%ormore, particularly 95%ormore, especially 100%.On the other hand, the ratio of the length of the reverse
flight section to the total length of the second flight sectionmay preferably be typically 10%or less, particularly 5%or less,
especially 0%.
[0055] The ratio of the length of the second flight section to the length of the first flight section {(the length of the second
flight section)/(the length of the first flight section) x 100%}is not restricted, but may preferably be typically 120 % or less,
particularly 115%or less, or 110%or less, or 105%or less, or 100%or less, or 95%or less, or 90%or less, or 85%or less,
or 80%or less, or 70%or less, or 60%or less, and typically5%ormore, particularly 10%ormore, or 15%ormore, or20%
or more.
[0056] As in the extruder according to the second embodiment, the screw may be configured to lack a second flight
section in the screwand to cool the composition at the die section and/or after extrusion, soas to locally age the starchnear
the surface of the composition.
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(Flow retarding structure)

[0057] According to thepresent invention, itmaybepreferable to provide aflow retarding structureat a position between
the tip side end point of the second flight section and the die section in the case of the extruder according to the first
embodiment, or at a position between the tip side end point of the kneading section and the die section in the case of the
extruder according to the second embodiment. Specifically, the flow retarding structure may preferably be installed in the
extruder according to the first embodiment, since it allows for the stable discharge of the composition with an increased
viscosity due to ageing by the second flight section. On the other hand, the flow retarding structure may preferably be
installed in the extruder according to the second embodiment, which do not have a second flight section, since this may
result in the effect of stabilizing the extrusion. In addition, both in the first embodiment and in the second embodiment, the
flow retarding structure may preferably be provided around the tip side end point of the kneading section (preferably,
immediately after the tip side end point of the kneading section), since this may serve to increase the pressure at the
kneading section and improve the kneading efficiency. The "flow retarding structure" herein refers to a structure that
reduces the flow rate of the contents from the flight section, relative to the average flow rate of the contents in the flight
section upstream of said structure. For example, in the first embodiment, the flow retarding structure is configured to
reduce the flow rate of the contents relative to the flow rate of the contents in the second flight section. And in the second
embodiment, the flow retarding structure is designed to reduce the flow rate of the contents relative to the flow rate of the
contents in the first flight section. Examples of the flow retarding structures include: a structure with relatively large screw
groove depths and/or pitch widths around the tip side end point of the second flight section to thereby decrease the flow
rate; and a structure with relatively large internal diameters of the barrel around the tip side end point of the second flight
section to thereby decrease the flow rate. The flow retarding structuremay be provided as a structure independently of the
second flight section at a position between the tip side end point of the second flight section and the die section in the case
of theextruder according to the first embodiment, or at aposition between the tip sideendpoint of the kneading sectionand
the die section in the case of the extruder according to the second embodiment. Such an independent flow retarding
structuremaybeastructure that reduces the flow rategeneratedby screw rotation to thereby lower the flow rate compared
to that generated by a forward flight structure. Examples include: a structure derived from a forward flight section by
perforating or removing or deforming a part of the forward flight section (also referred to as a screw structure with groove
holes); a reverseflight structure,whichgeneratesa relatively lower flow rate than the forwardflight structure; anda torpedo
structure, which lacks a torsional angle that provides feed to the material to be molded (e.g., a structure with ring-shaped
projections formedon the screwsurfacewith a radius of 80%ormoreof the distancebetween the rotationaxis of the screw
and the inner wall of the barrel). Among these, it may be preferable to provide a screw structure with groove holes or a
reverse flight structure or a torpedo structure as the flow retarding structure at a position between the tip side end point of
the second flight section and the die section in the case of the extruder according to the first embodiment, or at a position
between the tip side end point of the kneading section and the die section in the case of the extruder according to the
second embodiment.When adopting a torpedo structure with ring-shaped projections formed on the screw surfacewith a
radius of 80% or more of the distance between the rotation axis of the screw and the inner wall of the barrel, it may be
preferable to arrange twoormore ring-shapedprojections in succession, because this structuremay serve to easily adjust
the flow rate in the flow retarding structure.
[0058] The flow retarding ratio to be achieved by the flow retarding structure (i.e., the ratio of the flow rate at the flow
retarding structure to the flow rate at the flight section upstream of the flow retarding structure) may be less than 100%,
preferably97%or less,morepreferably95%or less, stillmorepreferably93%or less, or 90%or less.The lower limit is not
particularly restricted, but may preferably be 10 % or more, or 20 % or more.
[0059] When the flow retarding structure is adopted, it may be preferable from the viewpoint of achieving the effects of
the present invention that the size of the flow retarding structure is limited to a predetermined ratio or lower, because if the
size is too large, the size of other sections such as the kneading section and the second flight section becomes relatively
small. Specifically, the ratio of the length of the flow retarding structure to the total length of the screw may preferably be
typically 20%or less, particularly 15%or less,more particularly 10%or less, or 8%or less, or 5%or less.The lower limit is
not particularly restricted, but may preferably be 0 % or more, or 1 % or more.

(Average thread groove depth)

[0060] According to the present invention, the average thread groove depth of the screw flights formed in the first flight
section and/or (in the case of the extruder according to the first embodiment) the second flight section of the screw may
preferably satisfy predetermined conditions. The "average thread groove depth" herein refers to, on virtual parallel cross-
sections including the rotation centerwith respect to the rotation axis of the screw (i.e., virtual cross-sections assuming the
screw is split along its longitudinal axis), the average distance to the deepest part of each thread groove (the shaft surface
closest to the axis of rotation) relative to the hypothetical line segment connecting adjacent threads. The average screw
groove depth can be determined, for example, by assuming several parallel sections to the axis of rotation at 45° intervals
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along the axis of rotation of the screw, measuring the screw groove depth in each parallel section, and averaging the
obtained values.
[0061] The screw used in the extruder according to the first embodiment of the present inventionmay preferably have a
smaller average thread groove depth in the second flight section than in the first flight section, from the viewpoint of
decomposing starch grainsmore efficiently and locally ageing the starch near the surface of the composition. Specifically,
the ratio of the average threadgroovedepth of the second flight section to theaverage threadgroovedepth of the first flight
sectionmaypreferably be typically 98%or less, particularly 95%or less, or 93%or less, or 90%or less, or 87%or less, or
85%or less, or 83%or less, or 80%or less.The lower limit isnot restricted, butmaypreferablybe typically 10%ormore, or
20 % or more, or 30 % or more, or 40 % or more, or 50 % or more, or 60 % or more.
[0062] The average thread groove depth of the first flight section is not restricted, but may preferably be typically 30mm
or less, particularly 25mmor less, or 20mmor less, or 10mmor less.The lower limit is not restricted, butmaypreferably be
typically 5 mm or more may preferably be.
[0063] The ratio of the average thread groove depth of the first flight section to the screw diameter is not restricted, but
maypreferably be 30%or less, particularly 25%or less, or 20%or less, or 15%or less, or 10%or less, or 5%or less. The
lower limit of the ratio is not restricted, butmaypreferablybe typically 3%ormore, or 6%ormore, or 9%ormore, or 12%or
more.
[0064] The threadgroovedepth of thefirst flight sectionmaybeeither uniformornon-uniformalong the total lengthof the
first flight section. However, from the viewpoint of decomposing starch grainsmore efficiently and locally ageing the starch
near the surfaceof the composition, itmaybepreferable that the threadgroovedepths are relatively large on thebase side
thebasesideof thefirst flight section, andgradually decrease from thebaseside to the tip side (i.e., towards thedirectionof
extrusion).
[0065] More specifically, the screw to be used in the present invention may preferably be characterized in that the
average threadgroovedepth in 20%of the total length of the first flight section from thebase side start point of the first flight
section (also referred to as the first 20%) is larger than the average thread groove depth in the remaining 80% of the total
length of the first flight section (also referred to as the last 80%). More specifically, the ratio of the average thread groove
depth in 20%of the total length of the first flight section from the base side start point of the first flight section to the average
threadgroovedepth in the remaining80%of the total length of the first flight section (i.e., (the average threadgroovedepth
in the first 20%) /(the average thread groove depth in the last 80%))may preferably bemore than 100%, or 102%ormore,
104%ormore, or 106% ormore, or 108%ormore, or 110% ormore. The lower limit of the ratio is not restricted, but may
preferably be typically 200 % or less, or 195 % or less, or 190 % or less, or 185 % or less, or 180 % or less.
[0066] In addition, the ratio of the average thread groove depth in the first 20% from the base side start point of the first
flight section along the total length of the first flight section to the screw diameter may preferably be typically 35% or less,
particularly 30 % or less, or 25 % or less, or 20 % or less, or 15 % or less, or 10 % or less. The lower limit is also not
particularly restricted, but may preferably be 5 % or more.
[0067] The average thread groove depth of the second flight section in the extruder according to the first embodiment is
not restricted, but may preferably be 30 mm or less, particularly 25 mm or less, or 20 mm or less, or 10 mm or less may
preferably be. The lower limit is not restricted, but may preferably be typically 5 mm or more.
[0068] The ratio of the average thread groove depth of the second flight section to the screw diameter in the extruder
according to the first embodiment is not restricted, butmay preferably be typically 30%or less, particularly 25%or less, or
20%or less, or 15%or less, or 10%or less, or 5%or less. The lower limit of the ratio is not restricted, butmaypreferably be
typically 3 % or more, or 6 % or more, or 9 % or more, or 12 % or more.
[0069] The thread groove depth of the second flight section in the extruder according to the first embodiment may be
either uniform or non-uniform along the total length of the second flight section. However, from the viewpoint of improving
the cooling (aging) efficiency of the kneaded composition and also facilitating the discharge of the composition after
cooling (aging), it may be preferable that the thread groove depths are relatively large on the base side of the second flight
section, and gradually decrease from the base side to the tip side (i.e., towards the direction of extrusion).
[0070] From the viewpoint of decomposing starch grains more efficiently and locally ageing the starch near the surface
of the composition, the screw to be used the extruder according to the first embodiment of the present invention may
preferably be characterized in that the average thread groove depth in 20%of the total length of the first flight section from
the base side start point of the first flight section (also referred to as the first 20%) is larger than the average thread groove
depth in the remaining 80% of the total length of the first flight section (also referred to as the last 80%). More specifically,
the ratio of the average thread groove depth in 20%of the total length of the first flight section from the base side start point
of the first flight section to the average thread groove depth in the remaining 80%of the total length of the first flight section
(i.e., (the average thread groove depth in the first 20%) /(the average thread groove depth in the last 80%))may preferably
bemore than100%,or102%ormore, 104%ormore, or106%ormore, or 108%ormore, or 110%ormore.The lower limit
of the ratio is not restricted, butmaypreferablybe typically 200%or less, or 195%or less, or 190%or less, or 185%or less,
or 180 % or less.
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(Average thread pitch)

[0071] The "pitch" herein refers to, on virtual parallel cross-sections including the rotation center with respect to the
rotation axis of the screw (i.e., virtual cross-sections assuming the screw is split along its longitudinal axis), the distance
between each two adjacent thread ridges, and the "average pitch" refers to the average of the pitches in a predetermined
area. Theaverage tread pitch canbedetermined, for example, by assuming several parallel sections to the axis of rotation
at 45° intervals along theaxis of rotationof the screw,measuringmultiple pitcheseachbetween twoadjacent thread ridges
in each parallel section, and averaging the obtained values.
[0072] The ratio of the average pitch of the first flight section to the screw diameter may preferably be typically 200% or
less, particularly 150% or less, particularly 120% or less, particularly 105%or less. The lower limit is also not particularly
restricted, but may preferably be 40 % or more, or 50 % or more, or 60 % or more.
[0073] The pitches of the first flight sectionmay be either uniform or non-uniform along the entire length of the first flight
section. However, from the viewpoint of smoothing food feeds, itmay be preferable that the pitches of the first flight section
are relatively large the base side of the first flight section, but gradually decrease from the base side to the tip side (i.e.,
towards the direction of extrusion).
[0074] More specifically, the screw to be used in the present invention may preferably be characterized in that the
average thread pitch in 20%of the total length of the first flight section from the base side start point of the first flight section
is smaller than the average thread pitch in the remaining 80% of the total length of the first flight section. More specifically,
the ratioof theaverage threadpitch in20%of the total lengthof thefirst flight section from thebasesidestart point of thefirst
flight section to the average thread pitch in the remaining 80%of the total length of the first flight section (i.e., (the average
thread pitch in the first 20%) /(the average thread pitch in the last 80%)) may preferably be less than 100%, or less than
95%, or less than 90%, or less than 85%, or less than 80%, or less than 75%. The lower limit is also not particularly
restricted, but may preferably be typically 40 % or more, or 50 % or more, or 60 % or more, or 70 % or more.
[0075] In addition, the ratio of the average thread pitch in 20% of the total length of the first flight section from the base
sidestart point of thefirst flight section to thescrewdiametermaypreferablybe typically 180%or less, particularly 150%or
less, particularly 120 % or less, particularly 105 % or less. The lower limit is also not particularly restricted, but may
preferably be 40 % or more, or 50 % or more, or 60 % or more.
[0076] On the other hand, in the case of the extruder according to the first embodiment, the ratio of the average thread
pitch of the second flight section to the screw diametermay preferably be 99%or less, particularly 90%or less, or 80%or
less, or 70%or less, or 60%or less, or 50%or less. The lower limit is also not particularly restricted, butmaypreferably be
20 % or more, or 30 % or more, or 40 % or more.
[0077] Thepitches of the second flight section of the extruder according to the first embodimentmaybeeither uniformor
non-uniformalong the total lengthof thesecondflight section.However, from theviewpoint of improving thecooling (aging)
efficiency of the kneaded composition and also facilitating the discharge of the composition after cooling (aging), it may be
preferable that the pitch are relatively small on the base side of the second flight section, but gradually increase from the
base side to the tip side (i.e., towards the direction of extrusion).
[0078] More specifically, the screw to be used in the present invention may preferably be characterized in that the
average thread pitch in 20%of the total length of the second flight section from the base side start point of the second flight
section is smaller than the average thread pitch in the remaining 80% of the total length of the second flight section. More
specifically, the ratio of the average thread pitch in 20% of the total length of the second flight section from the base side
start point of thesecondflight section to theaverage threadpitch in the remaining80%of the total lengthof thesecondflight
section (i.e., (the average thread pitch in the first 20%) /(the average thread pitch in the last 80%)) may preferably be less
than 100%, or less than 95%, or less than 90%, or less than 85%, or less than 80%, or less than 75%.The lower limit is also
not particularly restricted, butmay preferably be typically 40%ormore, or 50%ormore, or 60%ormore, or 70%ormore.
[0079] In addition, in the case of the extruder according to the first embodiment, the ratio of the average thread pitch in
20% of the total length of the second flight section from the base side start point of the second flight section to the screw
diametermay preferably be typically 99%or less, particularly 90%or less, or 80%or less, or 70%or less, or 60%or less,
or 50%or less.The lower limit is alsonot particularly restricted, butmaypreferablybe5%ormore, or 10%ormore, or 15%
or more, or 20 % or more, or 25 % or more, or 30 % or more, or 40 % or more.
[0080] Fromtheviewpoint of locallyaging thestarchnear thecompositionsurface, thescrewof theextruderaccording to
the first embodiment may preferably be characterized in that the average pitch of the second flight section is smaller than
theaveragepitchof thefirst flight section.Specifically, the ratioof theaverage threadpitchof thesecondflight section to the
average pitch of the first flight sectionmay preferably be typically 98%or less, particularly 95%or less, or 93%or less, or
90%or less, or 87%or less, or 85%or less, or 83%or less, or 80%or less. The lower limit of the ratio is not restricted, but
may preferably be typically 10% or more, or 15% or more, or 20% or more, or 25% or more, or 30% or more, or 40% or
more, or 50 % or more, or 60 % or more.
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(Barrel)

[0081] Thebarrel is a cylindrical structure that surrounds theouter circumferenceof thescrew.Thestructureof thebarrel
to be used in the present invention is not restricted. However, rather than a tapered barrel in which the inner diameters
decrease towards the direction of extrusion, it may be preferable to use a barrel having generally the same inlet and outlet
inner diameters (more preferably, the same inlet and outlet inner diameter), since it is easier to clean and of a better quality
for food production.
[0082] It is alsopossible to useabarrelwith grooveson its innerwall, although itmaynot bepreferable since itmaymake
starch burnt. Therefore, it may be preferable to use a barrel that has no grooves, or as few grooves as possible, at least on
the inner wall of the kneading section, more preferably a barrel that has no grooves, or as few grooves as possible, on the
innerwall of the entire barrel. Specifically, the ratio of the region of the kneading section having grooves on the innerwall to
the total length of the kneading sectionmaypreferably be typically 30%or less, particularly 25%or less, or 20%or less, or
15%or less, or10%or less, or5%or less, or substantially 0%(i.e., nogrooves formed). Inaddition, the ratioof the regionof
the barrel having grooves on the inner wall to the total length of the barrel may preferably be 15%or less, particularly 10%
or less, or 9%or less, or8%or less,or 7%or less, or6%or less, or5%or less, or 4%or less, or3%or less,or 2%or less, or
1 % or less, or substantially 0% (i.e., no grooves formed).
[0083] When using a barrel in which the ratio of the region with grooves satisfies a predetermined ratio or less, it is
preferable toadoptascrewhavingakneadingsectionwithascrewstructurewithgrooveholes,morepreferablyastructure
derived from a forward flight section by removing or deforming a part of the forward flight section.When a screw structure
with groove holes is adopted, the shape of the deformed and/or removed parts of the forward flight sectionmay preferably
form a passage-like structure that penetrates the forward flight section. The cross-section of the passage-like structure
may preferably have a U‑ or V-shaped shape. In addition, the angle formed by the passage-like structure penetrating the
forward flight section to the axis of rotation of the screw (average penetrating angle) may preferably be smaller than the
angle formed by the curve connecting the thread top points of the forward flight structure to the axis of rotation of the screw
(helix angle). Specifically, the "helix angle" of a forward flight structure refers to the arithmetic average of the acute angles
formed by the directions connecting the screw thread tops on the screw surface and the direction of the axis of rotation on
the screw surface. The helix angle of the forward flight structure can be determined by, for example, measuring the angle
between the forward flight structure and the axis of rotation on the screw surface every 30° rotation of the screw and
calculating thearithmetic average fromallmeasurementswhen the screw is rotated360°.On theother hand, the "average
penetrating angle" of a passage-like structure can be calculated as the arithmetic average of the acute angles formed by
the directions connecting the deepest parts of the passage-like structure and the direction of the axis of rotation.
Specifically, the passage-like structure penetrating the forward flight section may preferably be a structure diagonally
penetrating the forward flight structure. More specifically, the average penetrating angle of the passage-like structure is
usually more than 20%, and especially more than 30%, and usually less than 80%, and especially less than 70%, of the
helix angleof the forwardflight structure. Inaddition, the ratioof the total lengthof thedeformedand/or removedparts to the
total length of the ridges of the forward flight in the screw structure with groove holes may preferably be 50% or less. It is
also preferable to provide a convex structure that interrupts the flow of dough in the kneading section. Specifically, it is
preferable to provide a convex structure on the screw surface of the kneading section that rises to the vicinity of the barrel
innerwall (specifically, 80%ormore of the distance from the center of the screw to the innerwall of the barrel) such that the
space between the screw and the inner wall of the barrel is generally divided into a space on the base side and a space on
the tip side by the convex structure, and that the dough fills the interior of the spaceon the base side, sincehismay cause a
stretching flow in thedough that flowsover the convex structure, resulting in goodkneading. The kneading sectionwith the
convex structuremaypreferably be structured to reduce the flow rateof the contents relative to the flow rateof the contents
in the flight section prior to the kneading section.

(Feeder)

[0084] The feeder is attached toaposition in the first half of the first flight of thebarrel and is configured such that the food
material to be kneadedcanbe fed into thebarrel (into the spacebetween thebarrel and the screw) through this feeder. The
feeder is not particularly limited, and may be a forced injection type feeder, which has a screw or the like inside a
mechanism for forcibly feeding the composition material, or a natural drop type feeder, which supplies the composition
material by natural drop.

(Die section)

[0085] The die section is a diemounted on the tip end of the barrel in the extrusion direction for continuouslymolding the
composition at the extrusion outlet, typically with one ormore flow paths that run through from inside to outside the barrel.
The structure and shape of the die section to be used in the present invention is not restricted and may be selected as
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appropriate. Examples of the die shapes include, although not limited to, round, square, triangular, star, oval, crescent,
half-moon, cross, and fylfot, as well as any combinations thereof (e.g., a Celtic cross-shaped die hole, which is a
combination of a Greek cross shape and a circle shape arranged such that the intersection of the cross is on the center of
the circle, and that the circle has a radius of two-thirds or less of the distance from the center to each tip of the cross). In
addition, regardlessofwhether it is the first embodimentwith the secondflight section, the secondembodimentwithout the
second flight section and with the integrated vent and die section, or still other embodiments, it may also be preferable to
install a cooler in the die section, because thismakes it possible to extrude the composition while cooling the composition,
which serves to age the starch in the composition and produce a strong starchmatrix structure. In particular, in the second
embodiment where the vent section and the die section are integrated into a single section, it may be preferable to install a
cooler in the vent and die section in order to prevent swelling of the composition, which has been kneaded at high
temperature in the kneading section.
[0086] However, the die section to be used in the present inventionmay preferably be characterized in that when the die
section is cut perpendicular to theextrusiondirection, theaveragedegreeofunevenness in thecross-sectionsof eachflow
channel satisfies a predetermined limit or larger. The "degree of unevenness" of a cross-section of a flow channel herein
refers to, when the die section is cut perpendicular to the extrusion direction, a parameter indicating the degree of
unevenness of the shape of a flow channel cross-section (corresponding to the outer edge of the cavity) on a virtual cut
plane (assuming that the flow channel of the die section is cut into a circular section). This degree of unevenness can be
calculated as {(the length of the perimeter when the convex apexes of convexity with an angle of less than 180° in the flow
channel cross-section are connected with the shortest distance)/(the contour length of the flow channel cross-section)},
and is smaller for amore uneven cross-section. The average degree of unevenness canbe determinedby, e.g., assuming
multiple cross-sections of the die section orthogonal to the axis of rotation at 1mm intervals along the axis of rotation of the
screw,measuring the degree of unevenness in each vertical section (if there aremultiple channels,measure thedegree of
unevenness of every channel), and calculating the arithmetic average of the measured values.
[0087] Specifically, the degree of unevenness of the flow channel cross-section of the die section may preferably be
typically 0.6 or more, particularly 0.65 or more, or 0.7 or more, or 0.75 or more, or 0.8 or more, or 0.85 or more, or 0.9 or
more, or 0.95 or more. When the degree of unevenness of the flow channel cross-section of the die section satisfies the
lower limits mentioned above, the resulting composition may preferably have both a good texture and high matte quality
after heat cooking. In general, the greater the degree of unevenness of the flow channel cross-section of the die section,
the smoother the surface of the resulting composition and the better the moldability of the composition. The upper limit is
not particularly restricted, but may be typically 1.0 or less.
[0088] The die section to be used in the present invention may also preferably be characterized in that the average
circularity in the cross-section of the flow channel satisfies a predetermined limit or less. The circularity of a flow channel
herein refers to a parameter that decreases as the shape of the cross-section of the flow channel moves away from a
perfect circle, andcanbecalculatedas {(theperimeter of aperfect circlewith the sameareaas thecross-sectionof the flow
channel)/(the contour length of the cross-section of the flow channel)}. Themore complex the shape of the cross-section,
the smaller the circularity of the cross-section.
[0089] The direction of extrusion of the composition in the die section is also optional and not restricted. For example, it
can be horizontal, vertical, or in-between directions.

(Vent section)

[0090] The vent section is installed in the barrel at a position on the tip side of the kneading section, e.g., in the vicinity of
the base side of the second flight section (near the boundary with the kneading section) in the case of the extruder
according to the first embodiment, or integrated with the die section in the case of the extruder according to the second
embodiment, and has the function to expose the composition to atmospheric pressure or reduced pressure. In the
production method of the present invention, especially in the extruder according to the first embodiment, which has the
secondflight section, thepressure is rapidly reducedby thevent sectionat thesectionwhere thecomposition is transferred
from the kneading section to the second flight section to form a starch matrix structure by homogenizing the composition
with disintegrationd starch grain structures to prevent heat generation, while rapid cooling in the second flight section
immediately afterwards enables local ageing of the starch near the composition surface. On the other hand, especially in
the extruder according to the second embodiment, which lacks the second flight section and the vent and die sections are
integrally provided (i.e., the composition is exposed to atmospheric pressure at the die section, which also serves as the
vent section), the composition can be made with the starch grain structures disintegrationd by rapidly reducing the
pressureat thedie section,whichalso servesas the vent section, byexposing thecomposition toatmospheric pressure. In
addition, subsequent rapid coolingof thecompositionafter extrusion (e.g., byaddingasmall amount ofwater bymistwater
spraying and then volatilizing it, thereby rapidly lowering the composition temperature by the heat of evaporation) enables
local ageing of the starch near the composition surface.
[0091] Specifically, the vent sectionmaybe installedon the tip sideof the kneading section in theoperating statewith the
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screw in the barrel. In the production method of the present invention, especially in the extruder according to the first
embodiment, which has the second flight section, the vent section may preferably be installed at a position on the barrel
corresponding to the first half of the second flight section of the screw, i.e., within 50%of the total length of the second flight
section from the base side start point of the second flight section, more preferably within 20% of the total length of the
second flight section from the base side start point of the second flight section, most preferably at a position on the barrel
corresponding to the base side start point (i.e., near the boundary between the second flight section and the kneading
section or near the end of the kneading section located at the most tip side). The reason for this is not known, but it is
assumed to be due to the rapid pressure drop at the vent section, which causes the starch grain structures in the
composition to disintegration and the internal starch to flow out, forming a homogeneous matrix structure. On the other
hand, especially in the extruder according to the second embodiment, which lacks the second flight section and the vent
and die sections are integrally provided (i.e., the composition is exposed to atmospheric pressure at the die section, which
also serves as the vent section), the vent section (alsoworks as thedie section)maypreferably be installed at a position on
the barrel corresponding to within 30%,more preferably within 20%, still more preferably within 10%, of the total length of
the screw from the end point of the kneading section located at the most leading edge of the screw, and more preferably
immediatelyafter theendpoint of thekneadingsection locatedat themostadvancedend (i.e., thedieandvent sectionmay
preferably be installed immediately after the kneading section). Itmayalsobepreferable to install a flow retardingstructure
between the end of the kneading section and the die section, located at the most advanced end of the screw.
[0092] Thevent sectionmaybeopened to atmospheric pressure to reduce thepressure inside thebarrel to atmospheric
pressure, but may preferably have a forced exhaust mechanism in said vent section. This enables a stronger matrix
structure to be formed by forcibly volatilizing a part of the water in the composition and removing air bubbles in the matrix
structure while quickly lowering the temperature of the composition. The mechanism may particularly be useful when a
uniaxial extruder is employed as the extruder, as this mechanism may serve to incorporate air bubbles into the matrix
structure. The forced exhaust mechanism may be selected from known vacuum pumps and the like, e.g., liquid-sealed
pumps (water-sealedpumps).Any forcedexhaustionmechanism (e.g., vacuumpump)canbeusedas longas it is capable
of forcibly volatilizing some of the water in the composition to the extent that the composition temperature in the vent
section is reduced to a certain degree. For example, the forced exhaust mechanism (e.g. vacuum pump, etc.) may
preferably have the capacity to reduce the temperature by at least 1°C,morepreferably by at least 2°C, at the vent section.
The mechanism employed (e.g., vacuum pumps, etc.) can be any mechanism to the extent that the above performance
can be achieved, but may be a forced exhaust mechanismwith a suction capacity (also referred to as suction pressure or
suctiongaspressure) of 0.04MPaorhigher, preferably 0.06MPaorhigher,morepreferably0.08MPaorhigher. Theupper
limit is not particularly restricted, but may preferably be typically 0.1MPa or lower, or 0.09MPa or lower, since the pump is
so strong it may also suck the dough. In an extruder producing swellings, it is in principle difficult to employ such a
configuration as in the present invention, as the internal pressure of the extruder must in principle be increased to at least
atmospheric pressure while the composition temperature is maintained above 100 °C. Conventional extruders for
producing swollen foods do not usually employ such a configuration as in the present invention, since such an extruder
is in principle required to extrude the composition under atmospheric pressure or elevated pressure with maintaining the
composition temperature at 100 °C or higher.

(Heater)

[0093] The heater (heating equipment) may be installed on the barrel around the first flight section and the kneading
section for heating the barrel at the first flight section and the kneading section to control the temperature inside the barrel
(thespacebetween thebarrel and thescrew).Theconfigurationandarrangementof theheater isnot limited, but theheater
may preferably be configured and arranged such that the first flight section and the kneading section of the barrel can be
separately heated and adjusted to a predetermined temperature. The heater may more preferably be configured and
arranged to separately heat and adjust a plurality of areas along the axial direction to a predetermined temperature for
each of the first flight section and the kneading section of the barrel. The heating temperature conditions of the heater are
not restricted, and the heatermay preferably be configured to be able to achieve the temperature conditions as detailed in
theexplanation about theproductionmethodof thepresent inventionbelow.Various typesof heaters for extruders arewell
known to those skilled in the art. Examples include: a jacket system or direct heat system (air jacket system), in which a
heater suchasanelectricheatingwireorsteampipe is installedaround theareaof thebarrel tobeheatedso that theheater
can acts on the barrel indirectly; and a steam heating system, in which heated steam or the like is blown directly on the
composition in the barrel. Preferable among these is a system that can exert heat indirectly (e.g., jacket system) from the
viewpoint of retaining the matrix structure in the composition. When a jacket system is employed, it may be preferable to
use electric heating wires, which can quickly adjust the temperature and are advantageous for forming matrix structures.
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(Cooler)

[0094] In the extruder according to the first embodiment, which includes the second flight section, the cooler (cooling
facility) may preferably be provided in the second flight section and/or the die section of the barrel, and configured to cool
the barrel at the second flight section and/or the die section to thereby adjust the temperature of the composition passing
through the interior of the barrel (the space between the barrel and the screw). The use of the extruder with the cooler
installed in the second flight section and/or the die section of the barrel may be preferred in the present invention, since it
may serve to age the starch in the composition and create a strong starch matrix structure.
[0095] The cooler installed in the second flight section and/or the die section of the barrel may preferably have the
capacity to reduce themaximumattainable temperatureof thecompositionbyapredetermined temperatureormorealong
the course from the start point of the kneading section to the outlet of the flow channel of the die section. According to the
production method of the present invention, installation of the cooler in the second flight section of the barrel allows the
starch in the composition to age and form a strong starchmatrix structure. Specifically, the coolermay preferably have the
capacity to reduce themaximumattainable temperatureof thecompositionbyapredetermined temperatureormorealong
the course from the start point of the kneading section to the outlet of the die section. More specifically, the cooler may
preferably have the capacity to reduce themaximumattainable temperature of the composition by typically 20 °C ormore,
particularly 25 °Cormore, or 30 °C ormore, or 35 °C ormore, or 40 °C ormore, or 45 °Cormore, or 50 °Cormore, or 55 °C
or more, or 60 °C or more, or 65 °C or more, or 70 °C or more, or 75 °C or more, or 80 °C or more. The upper limit is not
particularly restricted, but may preferably be typically 200 °C or less, or 150 °C or less, or 100 °C or less.
[0096] The cooler installed around the area from the second flight section to the die section of the barrel (i.e., the second
flight section and/or the die section) may preferably have the capacity to reduce the temperature of the composition at the
outlet of the flow channel of the die section to a predetermined temperature. According to the production method of the
present invention, installation of the cooler in the second flight section and/or the die section may preferably make it
possible to more effectively age the starch on the surface of the composition and thereby inhibit the binding of pieces the
resulting composition. In addition, it is preferable to adopt the elongated structure as shown in Figure 5a or 5b as the die
section, since this may help reduce the composition temperature. Adopting the die section with the elongated structure
may be especially preferable in the extruder according to the second embodiment, which lacks the second flight section
and the vent and die sections are integrally provided (i.e., the composition is exposed to atmospheric pressure at the die
section, which also serves as the vent section), since this may help inhibit the swelling of the composition. In general, the
coolermay preferably have the capacity to lower the composition temperature at the outlet of the die section to typically 85
°C or less, particularly 80 °C or less, or 75 °C or less, or 70 °C or less, especially 65 °C or less. The lower limit is not
particularly restricted, butmay preferably be 0 °Cormore, particularly 5 °Cormore, or 10 °Cormore, or 15 °Cormore, still
preferably 20 °C or more, especially 25 °C or more from the viewpoint of for industrial expediency.
[0097] Various coolers for suchextruders arewell known to those skilled in theart. Examples include: a jacket system, in
which cooling equipment suchas coolingwater pipes is installedon the circumferential surfaceof thebarrel corresponding
to the cooler installation area mentioned above so as to act indirectly; and a system of making gas or liquid act directly on
the composition in the barrel or in the flow channel of the die section or on the composition extruded from the die section
(e.g., by injectingwater ina liquid state,mistywater, air at room temperature, cooledair or inert gas suchas liquidnitrogen).
Preferred among these is a system that can act indirectly (e.g., a jacket system) from the viewpoint of maintaining the
desired matrix structure in the composition. When the jacket system is adopted, it may be preferable to use cooling water
piping, which allows rapid temperature adjustment and is advantageous for the formation of the desired matrix structure.

[II. Starch-Containing Composition for Heat Cooking]

[0098] The constitution and properties of the starch-containing compositions for cooking produced by the production
method of the present invention are as follows.

(1) Summary of the composition:

*Definitions:

[0099] The term "heat cooking" herein generally refers to a cooking method of raising the temperature of food by
applying heat to the food directly using fire ormicrowaves or indirectly through amedium such aswater or air. Generally, it
refers to cooking at a temperature of about 70°C or higher, typically from 80°C to 180°C, for example, over a period of time
between 1 minute and 60 minutes. Examples of heat cooking include baking, boiling, stir-frying, and steaming. The
composition in the present invention has the characteristic of not losing their shape when heat-cooked in the liquid. The
composition according to thepresent inventionmaypreferably beprepared to beheat-cooked in awater-based liquid (i.e.,
contain water at a 50% or more). Accordingly, the compositions of the present invention may particularly preferably be a
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composition for heat cooking in liquid, which are to be consumed after being heat-cooked in liquid.
[0100] The term "paste composition" herein refers to a food composition produced by kneading food ingredients of
edible plant origin, and enocmpasses kneaded products and pastas (including those not made from wheat).

*Characteristics of the composition:

[0101] The composition of the present invention is characterized in that it does not easily disintegration in shape during
heat cooking in liquid and has a highly matte texture and an excellent appearance. The term "matte texture" of a
composition herein refers to the property of exhibiting a high degree of light scattering on its surface (also referred to as
surface light scattering) andappearing to havea rich taste evenunder visible light. In otherwords, incident light is reflected
in all directions (light scattering) and gloss on the surface is suppressed, resulting in a highly matte texture.
[0102] Conventional starch-containing compositions may disintegration and lose their shape when heat-cooked in
water. A known method for preventing such disintegration of food compositions is to add an anti-disintegration agent
containing sugar such as maltotriose to the compositions. However, this method involves the problem that it imparts the
unique flavour and texture of maltotriose to the food and also impairs the matte texture of the is food, resulting in a
composition with an inferior appearance..
[0103] On the other hand, the composition of the present invention prepared by the production method of the present
invention has the property of of being resistant to disintegration in shape during heat cooking in liquid and the property of
exhibiting a highly matte texture and an excellent appearance. Although it is not clear as to why the composition of the
present invention preparedby theproductionmethodof thepresent inventionhas suchexcellent properties, it is estimated
as follows. Conventional compositions for heat cooking aremainlymade to form awheat gluten network to prevent shape
disintegration during heat cooking, and therefore include a honeycomb-like structure of gluten in glassy, glued starch,
which may reflect incident light and cause a loss of matte texture. On the other hand, it is estimated that the production
process of the present invention results in compositional parts with less light scattering on the surface of the composition
even under visible light, due to the presence of an ageing starch layer around thematrix structure of the powdered starch,
which prevents diffuse reflection of light so as to prevent shape disintegration during heat cooking.

*Embodiments of the composition:

[0104] The composition of the present invention may preferably be a starch-containing composition for cooking that is
used for cooking in liquid (especially in water), a cooking environment in which the ingredients of the composition are
particularly susceptible to leaching. The starch-containing composition for heat cookingmay preferably be a composition
in the formof, e.g., noodlesor noodle-like stringsor strips suchaspasta, since thecompositionof thepresent inventionhas
the property of retaining its edible shape even after heat cooked in water for eating (e.g., more than 5minutes in water at a
temperature of 90°C or higher).
[0105] Examples of the composition of the present invention include, although not limited to: pasta, Chinese noodles,
udon (Japanese wheat-flour noodles), inaniwa udon, kishimen, houtou, suiton, hiyamugi, somen (variations of udon),
soba (Japanese buckwheat-flour noodles), soba gaki (Japanese buckwheat-flour paste), bee-hun (rice vermicelli), pho,
reimen (Korean cold noodles), vermicelli, oatmeal, couscous, kiritanpo (variation of Japanese rice cake in an elongate
shape), tteok, and gyoza skins.
[0106] Examples of pastas include long pasta and short pasta.
[0107] The term "long pasta" is typically a generic term referring to long, thin pasta, but may also be used herein in a
broader meaning encompassing udon and soba noodles. Specific examples include, although not limited to, spaghetti
(diameter: 1.6 mm to 1.7 mm), spaghettini (diameter: 1.4 mm to 1.5 mm), vermicelli (diameter: 2.0 mm to 2.2 mm),
cappellini (diameter: 0.8 mm to 1.0 mm), linguini (short diameter: about 1 mm, long diameter: about 3 mm), tagliatelle or
fettuccine (short diameter: about 1mm, long diameter: about 3mm), and other types of pasta. diameter: about 1mm, long
diameter: about 3 mm), tagliatelle or fettuccine (flat noodles of about 7 mm to 8mm in width), pappardelle (flat noodles of
about 10 mm to 30mm in width), etc. Long pasta is a product that typically has a large contact area between noodles and
therefore tends to lose its surface smoothness and adhere to each other. Accordingly, making the composition of the
present invention into the form of pasta may be useful and desirable.
[0108] The term "short pasta" is typically a general term referring to short pasta, butmayalsobeusedherein in abroader
meaning encompassing product once shaped in long pasta and then processed into smaller sizes, such as fregola
(granular pasta) and couscous. Examples include, although not limited to, macaroni (cylindrical shape with a diameter of
about 3 to 5 mm), penne (cylindrical shape with both ends cut diagonally like the tip of a pen), farfalle (shaped like a
butterfly), conchiglie (shaped like a seashell), and orecchiette (dome-shaped like an ear), etc.
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*Composition in a dry state:

[0109] The composition of the present inventionmay be a composition in a dry state. Specifically, the composition of the
present invention may be usefully made in a dry state while performing the water retention treatment described below,
since the resulting composition has a matte appearance and excellent palatability.
[0110] The "dry" state herein refers to a state in which themoisture content is less than 25mass%on a dry weight basis
and thewater activity value is less than 0.85. Thewater content in a composition can bemeasured by subjecting the dried
powder to the decompression heating and dryingmethod described below, and the water activity value can bemeasured
by using a general water activity measurement device (e.g., "LabMaster-aw NEO," manufactured by Novavacina, which
includes an electrical resistance (electrolyte) humidity sensor) according to a standard method.

*Composition made into an elongated form:

[0111] The composition of the present invention may be made in any shape that conventional starch-containing solid
compositions have, particularly as a composition into an elongate form such as long pasta.
[0112] The composition of the present invention made into such an elongated formmay preferably have a diameter of,
although not limited to, typically 20 mm or smaller, preferably 10 mm or smaller, more preferably 5 mm or smaller, even
more preferably 3mmor smaller, even further preferably 2mmor smaller. The "diameter" of a composition herein refers to
the lengthof the longest diagonal lineof a cut surfaceof the compositionwhencut perpendicular to its longitudinal direction
(the maximum length of line segments connecting any two points on the contour of the cross-section), and means its
diameter if the cut surface is circular, its major axis if the cut surface is oval, or its diagonal if the cut surface is rectangular
(e.g., in the case of a composition formed into a plate).

(2) Constitution of the composition:

[0113] Thematerials for the composition of the present invention is not particularly restricted, butmaypreferably include
at least one edible plant. The types of the edible plant is not particularly restricted, but may preferably include at least one
dried edible plant, i.e., an edible plant with a dry mass basis moisture content of less than 25%, preferably less than 20%,
morepreferably less than15%,andamoisture content activity of 0.85or less, preferably 0.80or less,morepreferably 0.75
or less. The edible plant to be usedmay preferably be micronized and powdered. Examples of specific edible plants may
preferably contain at least one species of pulse. Embodiments of using pulse as a rawmaterial will be explained in details
later. However, the materials for the composition of the present invention are not restricted to these examples, but the
composition may also contain other edible plants than pulse an/or other raw materials, as long as the various properties
explained below are satisfied. Details of pulses and edible plants as raw materials for the composition of the present
invention will be explained in details later.

*Insoluble dietary fiber:

[0114] The composition of the present invention contains insoluble dietary fiber. The term "insoluble dietary fiber" used
herein refers to indigestible ingredients in food that cannot be digested by human digestive enzymes and are insoluble in
water. The insoluble dietary fiber content may be measured in accordance with the Japan Standard Tables for Food
Composition2015 (7th revisededition) using theProskyvariantmethod.Thecompositionof thepresent invention isuseful
because it does not result in a composition with a bland texture evenwhen the insoluble fiber content is high. Although the
reason for this is not known, it is possible that the high-temperature, high-pressure, strong kneading treatment improves
the texture of insoluble dietary fiber by causing thedietary fiber in the composition to interactwith starchandprotein to form
a network structure.
[0115] The lower limit of the insoluble dietary fiber content in the composition of the present inventionmay preferably be
typically 2.0mass%ormore, particularly 3mass%ormore, particularly 4mass%ormore, particularly 5mass%ormore,
or 6mass% ormore, or 7 mass% ormore, or 8mass% ormore, or 9mass% ormore, particularly 10mass% ormore, in
terms of dry mass basis. By setting the content of insoluble dietary fiber above the aforementioned lower limit, the
composition of thepresent invention ismore likely to havea structure inwhich the insoluble dietary fiber is homogeneously
dispersed in thematrix-like starch in an appropriate size and the starch is distributed in amatrix-likemanner, which in turn
improves the rubbery texture of the product. The "dry mass" used herein refers to a mass obtained by calculating the
moisture content from the aforementioned "moisture content (dry mass basis moisture content)" and subtracting the
calculated moisture content from the overall mass of the composition, etc. The "dry mass basis" used herein refers to a
content ratio of each component calculated with the dry mass of the composition as the denominator and the content of
each component as the numerator
[0116] Theupper limit of the insoluble dietary fiber content in the compositionof the present inventionmaypreferably be,
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although not particularly limited to, typically 50 mass% or less, particularly 40 mass% or less, furthermore 30 mass% or
less in terms of dry mass basis, from the viewpoint of industrial production efficiency.
[0117] The origin of the insoluble dietary fiber contained in the composition of the present invention is not particularly
limited, and may be either those derived from various naturally-occurring materials containing insoluble dietary fiber or
those synthesized. When those derived from naturally-occurring materials are used, insoluble dietary fiber contained in
variousmaterialsmaybe isolated, purified, andused, oralternatively, suchmaterials containing insolubledietary fibermay
be used as such. Examples of insoluble dietary fibers that can be used include those derived from cereals, those derived
from pulse (beans), those derived from potatoes, those derived from vegetables, those derived from nuts, and those
derived from fruits. Preferable among themare those derived from cereals and those derived from pulse (beans) from the
viewpoint of the texture of the composition,more preferably those derived frompulse (beans), evenmore preferably those
derived from pea, most preferably those derived from yellow pea.When pulse containing insoluble dietary fiber is used, it
may be used either with or without its seed skin, but pulse with seed skin may preferably be used since it has a higher
content of dietary fiber.
[0118] The insoluble dietary fiber contained in the composition of the present invention may be either in the form of an
isolated pure product or, more preferably, in the form of being contained in pulse. Specifically, the ratio of the insoluble
dietary fiber contained in pulse to the total insoluble dietary fiber content in the whole composition may preferably be
typically 10 mass % or more, particularly 20 mass % or more, furthermore 30 mass% or more, particularly 40 mass % or
more, or 50mass% ormore, or 60mass% ormore, or 70mass% ormore, or 80mass% ormore, or 90mass% ormore,
particularly 100 mass %.
[0119] The constitution of the insoluble dietary fiber contained in the composition of the present invention is not
particularly restricted. However, the ratio of lignin (especially acid-soluble lignin) to the total insoluble dietary fiber content
(especially to the total insoluble dietary fiber)may preferably satisfy the aforementioned limits ormore, since thiswill make
it easier to obtain amore pronounced texture improvement effect. Specifically, the ratio of the lignin content (especially the
acid-soluble lignin content) to the total dietary fiber content to the total insoluble dietary fiber content may preferably be
typically 5 mass % or more, particularly 10 mass % or more, or 30 mass % or more, in terms of dry mass basis.
[0120] The composition of the present inventionmay preferably be characterized in that the particle size of the insoluble
fiber contained therein satisfies a certain size or less. If the particle size of the insoluble dietary fiber is too large, the
composition may become shaggy and undesirable in texture. The reason for this is not known, but it is estimated that
coarse insoluble dietary fiber inhibits the formation of matrix structures such as starch, making it difficult for the effects of
the invention tobe realized. It is highly likely that the insoluble fiber size in randomlycrushedpulsepowder ismore than450
µm (because the insoluble fiber in pulse is usually rod-shaped, and the laser diffraction particle size distribution
measurement according to the invention tends to yield larger values). In particular, when food ingredients containing
hard tissues, such as pulse with seed coat, are used as rawmaterials, the insoluble dietary fiber in the seed coat is coarse
and is lesseasily crushed than theedible portion. Therefore,whensuch food ingredients are used in thepresent invention,
itmaybepreferable touseone that hasundergoneaspecificcrushingprocess inadvanceso that the insolubledietaryfiber
contained therein is within a specific size range.
[0121] According to thepresent invention, theparticle sizeof the insolubledietaryfiber in thecomposition isevaluatedby
a method including treating the aqueous suspension of the composition with protease and amylase, and subjecting the
composition after the starch‑ and protein-degradation treatment, inwhich starch and protein are degraded by enzymes, to
the ultrasonication, and then to the measurement using a laser diffraction particle size analyzer to determine the particle
size distribution. Specifically, 6 mass% aqueous suspension of the composition is treated with 0.4 volume% of protease
and 0.02mass%ofα-amylase at 20 °C for 3 days (also referred to as "[Procedure b]") to carry out the starch‑ and protein-
digestion treatment, and the enzyme-treated composition is subjected to the measurement for the particle diameter
distribution after ultrasonication.
[0122] Specifically, the composition of the present inventionmay preferably be characterized in that the particle size d90
in the particle size distribution of insoluble dietary fiber measured by the above procedure is less than 450 µm, more
preferably 400 µm or less, more preferably 350 µm or less, more preferably 300 µm or less, more preferably 250 µm or
less,more preferably 200µmor less,more preferably 150µmor less,more preferably 100µmor less,more preferably 80
µmor less, more preferably 60 µmor less, 50µmor less. On the other hand, the lower limit of the particle diameter d90 of
the insoluble dietary fibermay preferably be, although not particularly limited to, typically 1µmormore, more preferably 3
µm or more.
[0123] Likewise, the composition of the present inventionmay preferably be characterized in that the particle size d50 in
the particle size distribution of insoluble dietary fiber measured by the above procedure is less than 450 µm, more
preferably 400 µm or less, more preferably 350 µm or less, more preferably 300 µm or less, more preferably 250 µm or
less,more preferably 200µmor less,more preferably 150µmor less,more preferably 100µmor less,more preferably 80
µmor less, more preferably 60 µmor less, 50µmor less. On the other hand, the lower limit of the particle diameter d50 of
the insoluble dietary fibermay preferably be, although not particularly limited to, typically 1µmormore, more preferably 3
µm or more.
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[0124] Amore specific procedure for measuring the particle size distribution of insoluble dietary fiber, polysaccharides,
etc., in a composition is as follows. 300mgof the composition is placed in a plastic tubewith 5mLofwater, allowed to swell
at 20°C for about 1 hour, and then processed using a small Hiscotron (Microtech Nichion homogenizer NS‑310E3) until a
porridge-like consistency is obtained (about 15 seconds at 1000 rpm) to prepare a 6 mass % water suspension of the
composition. 2.5mLof the treated sample is then divided and combinedwith 10µL of protease (ProteinaseK, Takara Bio)
and 0.5 mg of α-amylase (α-Amylase from Bacillus subtilis, Sigma), and allowed to react at 20°C for 3 days. After the
reaction, the resultingprotease‑andamylase-treatedcomposition is subjected to sonication, and then tomeasurement for
particle size distribution.
[0125] The measurement of particle size distribution of a protease‑ and amylase-treated composition after ultrasonic
treatment shall beperformedusinga laserdiffractionparticle sizeanalyzeraccording to the followingconditions.Ethanol is
used as the solvent for the measurement, which has little effect on the structure of the composition. The laser diffraction
particle size analyzer used for themeasurement is not limited to any particular type, an example beingMicrotrac MT3300
EXII system marketed by Microtrac Bell Inc. The measurement application software used for the measurement is not
limited, an example being DMS2 (Data Management System version 2, Microtrac Bell Inc.). When the device and the
application softwarementionedaboveareused, themeasurement canbecarriedout by: carryingout cleaningbypressing
the Wash button of the software; carrying out calibration by pressing the Set Zero button of the software; and directly
loading the sample via the Sample Loading feature until the sample concentration is within the proper range. After the
sample is loaded, the measurement sample is subjected to ultrasonic treatment by the measurement device, followed by
measurement. Specifically, a sample that has not been subjected to ultrasonic treatment is put into the measurement
solvent (ethanol) circulating in the measurement system, the concentration is adjusted to within the appropriate range
using the Sample Loading feature, and then the ultrasonic treatment is performed by pressing the Ultrasonic Treatment
button of the software. Then, after three times of defoaming, the sample loading can be carried out again to adjust the
concentration towithin theappropriate range.Thereafter, thesample is promptly laserdiffractedat a flow rateof 60%witha
measurement timeof 10 seconds, and the result is usedas themeasurement value. The parameters for themeasurement
may be, e.g., Distribution indication: Volume; Particle refractive index: 1.60; Solvent refractive index: 1.36; Upper limit of
measurement: 2,000.00 µm; Lower limit of measurement: 0.021 µm.
[0126] The term "particle size d90" (or the term "particle size d50") herein refers to, when the particle size distribution of
the object is measured on a volume basis and divided into two parts at a certain particle size, the particle size at which the
ratio between the cumulative value of the particle frequency % on the larger side to that on the smaller side are 10:90 (or
50:50). The "ultrasonic treatment" herein refers to a treatmentwith ultrasonicwaves of 40 kHz frequency at an output of 40
W for 3 minutes, unless otherwise specified.

*Starch:

[0127] The composition of the present invention contains starch. The composition of the present invention ismore likely
to have the effect of elasticity felt aswater is absorbed after heat-cookingwhen it contains starch at a certain concentration
or more. Although the reason is not known, it is possible that the high-temperature, high-pressure, and strong kneading
processcauses the relatively largemolecularweight fractionof starch in thecomposition to formanetworkstructure,which
results in the aforementioned effect.
[0128] Specifically, the lower limit of the starch content in the composition of the present invention may be typically 20
mass%ormore in terms of drymass basis. It may preferably be 25mass%ormore, particularly 30mass%ormore, or 35
mass % or more, or 40 mass % or more, or 45 mass % or more, particularly 50 mass % or more. On the other hand, the
upper limit of the starch content in the composition of the present inventionmay be, although not particularly limited to, 85
mass % or less, particularly 80 mass % or less, or 70 mass % or less, or 60 mass % or less in terms of dry mass basis.
[0129] Theorigin of the starch in the composition of the present invention is not particularly restricted. Examples include
plant-derived starch and animal-derived starch, but pulse-derived starchmay be preferred. Specifically, the ratio of pulse-
derived starch to the total starch content of the compositionmay preferably be typically 30mass%ormore, particularly 40
mass%ormore, or 50mass%ormore, or 60mass%ormore, or 70mass%ormore, or 80mass%ormore, or 90mass%
ormore, particularly100mass%.Theupper limit is not particularly restricted, andmaybe typically 100mass%or less.The
pulse-derived starchmay preferably be derived frompea,most preferably fromyellow pea. Pulsewill be discussed below.
[0130] The starch to be incorporated in the composition of the present invention may be either an isolated and pure
starch or, more preferably, in the form of starch-containing pulse. Specifically, the ratio of starch contained in pulse to the
total starch content in the composition may preferably be typically 30mass% or more, particularly 40mass% or more, or
50mass%ormore, or 60mass%ormore, or 70mass%ormore, or 80mass%ormore, or 90mass%ormore, particularly
100 mass %. The upper limit is not particularly restricted, and may typically be 100 mass % or less.
[0131] In the present invention, the starch content in a composition is determined according to the Japan Standard
Tables for Food Composition 2015 (7th revised edition) and using the method of AOAC 996.11, by a method in which
soluble carbohydrates (glucose, maltose, maltodextrin, etc.) that affect the measured value are removed via extraction
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treatment with 80% ethanol.
[0132] The composition of the present invention may preferably be characterized in that the number of starch grain
structures satisfies a predetermined value or less. Although the principle behind this is unknown, it is estimated that since
the composition is subjected to the high-temperature, high-pressure, and strong kneading conditions described below
while the starchgrain structures are brokendown, the starchdiffuses throughout the composition in amatrix-like structure,
which enable the amylopectin in the starch to easily develop elasticity during water retention.
[0133] The starch grain structures recited in (a) above are iodine-stained structureswith circular shapes of about 1 to 50
µm in diameter in a planar image, and can be observed, for example, by preparing 6% aqueous suspension of crushed
product of the composition and observing the suspension under magnified view. Specifically, 6% suspension of the
compositionpowder ispreparedbysieving crushedproduct of thecomposition throughasievewith150µmapertures, and
3mg of the 150-µmpass composition powder is suspended in 50µL of water. This suspension is then placed on a slide to
obtain a prepared slide, which is observed under a phase contrast microscope with polarized light or under an optical
microscope with iodine staining. The magnification factor is not restricted, but may be 100 times or 200 times. When the
distributionof starchgrain structureson thepreparedslide is uniform, thepercentageof starchgrain structures in theentire
prepared slide can be estimated by observing a representative field of view. On the other hand, when the distribution of
starch grain structures on the prepared slide is found to be biased, a finite number of fields of view (e.g., two ormore, e.g.,
five or ten) can be observed, and the observation results can be added together to obtain a measurement for the entire
preparation.
[0134] Specifically, in the composition of the present invention may preferably be characterized in that the number of
starch grain structures observed under these conditions is typically 300/mm2 or less, particularly 250/mm2 or less,
furthermore 200/mm2 or less, particularly 150/mm2 or less, or 100/mm2 or less, or 50/mm2 or less, or 30/mm2 or less, or
10/mm2 or less, particularly 0/mm2.
[0135] The terms "crushed product of a composition," "composition crushed product," or "crushed composition" used
herein all refer to, unless otherwise specified, a composition that has been crushed to such an extent that the particle
diameter d50 and/or d90 (preferably both d50 and d90) after ultrasonication, asmeasured by a laser diffraction particle size
distribution analyzer, is about 1000 µm or less. The lower limit of the particle diameter d50 and/or d90 (preferably both
particle diameters d50 and d90) after ultrasonication is not particularly limited, but is usually 1 µm or more.

*Degree of gelatinization of starch:

[0136] The composition of the present invention may preferably be characterized in that the degree of gelatinization of
starch in the composition satisfies a predetermined limit or more. Specifically, in the composition of the present invention
the degree of gelatinization of starch may preferably be typically 50 mass % or more, particularly 60 mass % or more,
particularly 70mass%ormore. The upper limit of the degree of gelatinization is not particularly restricted, andmay be100
mass % or less. However, if the degree of gelatinization is too high, starch may break down and the composition may
become sticky and of undesirable quality. Accordingly, the upper limit of the degree of gelatinizationmay preferably be 99
mass % or less, particularly 95 mass % or less, furthermore 90 mass % or less.
[0137] In the present invention, the degree of gelatinization of a composition is measured as the ratio of the gelatinized
starch content to the total starch content using the glucoamylase second method, which is a partial modification of the
Central Analytical Laboratory of Customs (following the method by Japan Food Research Laboratories: https://www
jfrl.or.jp/storage/file/221.pdf).

*Protein:

[0138] The composition of the present invention contains protein. Specifically, the composition of the present invention
maypreferably be characterized by havinga protein content of a predetermined value or higher, which tends to improve its
elasticity after heat cooking while inhibiting a rubbery feel, resulting in a good texture that is easy to rip off by biting.
Although the reason for this isnot clear, it is estimated that thehigh-temperature,high-pressure, strongkneading treatment
results in an interaction whereby the starch is spread throughout the composition in a matrix-like form, within which an
agglomerate structure, which is thought to consistmainly of proteins, develops to a favourable shapeand size,with the aid
of dietary fibers, and this interaction results in the formation of a structure that is completely different from the previously
known networks of gluten and other proteins.
[0139] Specifically, the lower limit of the protein content in the composition of the present invention in terms of wet mass
basismay be typically 3.0mass%ormore, preferably 4.0mass%ormore, or 5.0mass%ormore, or 6.0mass%ormore,
or 7.0mass%ormore, or 8.0mass%ormore, or 9.0mass%ormore, or 10mass%ormore, or 11mass%ormore, or 12
mass%ormore, or 13mass%ormore, or 14mass%ormore, or 15mass%ormore, or 16mass%ormore, or 17mass%
ormore, or 18mass%ormore, or 19mass%ormore, or 20mass%ormore, or 21mass%ormore, especially 22mass%
or more. On the other hand, the upper limit of the protein content in the composition of the present invention may be,
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although not particularly limited to, typically typically 85mass%or less, preferably 80mass%or less, more preferably 75
mass%or less,more preferably 70mass%or less,more preferably 65mass%or less,more preferably 60mass%or less
in terms of wet mass basis.
[0140] The origin of the protein in the composition of the present invention is not particularly limited. Examples include
plant-derived protein and animal-derived protein, of which protein of plant origin (especially pulse) is preferred. Speci-
fically, the ratio of pulse-derived protein content to the total protein content in the whole composition may preferably be
typically 10 mass % or more, particularly 20 mass % or more, furthermore 30 mass% or more, particularly 40 mass % or
more, or 50mass% ormore, or 60mass% ormore, or 70mass% ormore, or 80mass% ormore, or 90mass% ormore,
particularly 100 mass %. The pulse-derived protein may preferably be particularly pea-derived protein, most preferably
yellow pea-derived protein.
[0141] Theprotein incorporated in thecompositionof thepresent inventionmaybe in the formofan isolatedpureproduct
or, preferably, may be present in the state of being contained in pulse. Specifically, the ratio of the content of protein
contained in pulse to the total protein content of the composition may preferably be typically 10 mass % or more,
particularly 20mass%ormore, furthermore 30mass%ormore, particularly 40mass%ormore, or 50mass%ormore, or
60 mass % or more, or 70 mass % or more, or 80 mass % or more, or 90 mass % or more, particularly 100 mass %.
[0142] Typically 50 mass % or more, particularly 60 mass % or more, furthermore 70 mass % or more, particularly 80
mass % or more, or 90 mass % or more, particularly 100 mass % of each of the protein and starch contents in the
compositionof thepresent inventionmaypreferablybederived frompulse,morepreferablyderived frompulseof thesame
species,morepreferably derived frompulseof thesame individual. In addition, typically 50mass%ormore, particularly 60
mass%ormore, furthermore 70mass% ormore, particularly 80mass%ormore, or 90mass%ormore, particularly 100
mass%of each of the protein and starch contents in the composition of the present inventionmay preferably be present in
the state of being contained in edible plant.
[0143] The protein content in a composition herein can be measured by, e.g., quantifying the total amount of nitrogen
using the combustion method (improved Dumas method) specified in the Food Labeling Law ("About Food Labeling
Standards" (March 30, 2015, Shokuhin Table No. 139)), and then multiplying the total amount of nitrogen with the
"nitrogen-protein conversion factor."

*Total oil and fat content:

[0144] The total oil and fat content in the composition of the present inventionmay preferably be, although not limited to,
typically less than 17mass%, particularly less than 15mass%, furthermore less than 13mass%, particularly less than 10
mass%,or less than8mass%,or less than7mass%,or less than6mass%,or less than5mass%,or less than4mass%,
or less than3mass%,or less than2mass%, or less than1mass%,particularly 0.less than8mass%, in termsof drymass
basis.On theother hand, the lower limit of the total oil and fat contentmaypreferably be, althoughnot particularly limited to,
typically 0.01mass% ormore, in terms of drymass basis. The total oil and fat content in a solid paste composition can be
measured by a method, e.g., according to the Japan Standard Tables for Food Composition 2015 (7th revised edition),
using the Soxhlet extraction method with diethyl ether.
[0145] The origin of the oil and fat content in the composition of the present invention is not particularly restricted.
Examples include plant-derived oils and fats and animal-derived oils and fats, of which plant-derived oils and fats are
preferred. Specifically, the ratio of the content of plant-derived oils and fats in the whole composition may preferably be
typically 50 mass % or more, particularly 60 mass % or more, furthermore 70 mass% or more, particularly 80 mass % or
more, or 90mass%ormore, particularly 100mass%. Examples of plant-derived oil and fat content include those derived
from cereal, those derived from pulse (beans), those derived from potato, those derived from vegetable, those derived
from nuts, and those derived from fruits. From the viewpoint of achieving the aforementioned suitable molecular weight
distribution of starch, preferred among these are those derived from pulse (beans), particularly pea-derived oil and fat,
most preferably yellow pea-derived oil and fat.
[0146] The oil and fat content incorporated in the composition of the present invention may be in the form of an isolated
pure product or, preferably, may be present in the state of being contained in edible plant (particularly pulse). Specifically,
the ratio of the oil and fat content incorporated in pulse to the total protein content of the composition may preferably be
typically 50 mass % or more, particularly 60 mass % or more, furthermore 70 mass% or more, particularly 80 mass % or
more, or 90 mass % or more, particularly 100 mass %.
[0147] Typically 50 mass % or more, particularly 60 mass % or more, furthermore 70 mass % or more, particularly 80
mass%ormore, or 90mass%ormore, particularly 100mass%of the oil and fat content in the composition of the present
inventionmay preferably be derived frompulse, more preferably derived from pulse of the same species,more preferably
derived from pulse of the same individual. In addition, typically 50 mass % or more, particularly 60 mass % or more,
furthermore 70mass%ormore, particularly 80mass% ormore, or 90mass%ormore, particularly 100mass% of the oil
and fat content in the composition of the present invention may preferably be present in the state of being contained in
edible plant.
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*Dry mass basis moisture content:

[0148] The dry mass basis moisture content in the composition of the present invention may preferably be a
predetermined value or less. Specifically, the drymass basis moisture content in the composition of the present invention
may be, although not limited to, 60 mass% or less, or 55 mass% or less, particularly 50 mass% or less, or 45 mass% or
less, or 40 mass% or less, or 35 mass% or less, or 30 mass% or less, or 25 mass% or less, or 20 mass% or less, or 15
mass%or less. On the other hand, the lower limit of the drymass basismoisture content in the composition of the present
invention may be, although not limited to, from the viewpoint of industrial production efficiency, 0.5 mass % or more, or 1
mass % or more, or 2 mass % or more. The dry mass basis moisture content of the composition of the present invention
maybeeither derived fromvarious ingredientsof thecompositionorderived from further addedwater. If thedrymassbasis
moisture content in the dough composition before processing is high, a process such as drying can be employed to adjust
the dry mass basis moisture content to within the aforementioned range.
[0149] The "drymass basis water content" herein refers to the ratio of the total amount of water in the composition of the
present inventionwhich either originates from the rawmaterials or was added externally to the total amount of solids in the
solid paste composition of the present invention. The value can be measured by a method, for example, according to the
Japan Standard Tables for Food Composition 2015 (7th revised edition), by heating to 90°C using the decompression
heating and drying method. Specifically, an appropriate amount of sample (W1) is put in a pre-weighed weighing vessel
(W0) and weighed, the weighing vessel with the lid removed or opened is placed in a reduced pressure electric constant
temperature dryer adjusted to a predetermined temperature (more specifically, 90°C) at normal pressure, the door is
closed, and the vacuum pump is operated to dry the sample at a predetermined reduced pressure for a predetermined
periodof time.Thevacuumpump is thenstopped,dryair is sent tobring thepressureback tonormal, theweighingvessel is
removed, the lid is put on, the vessel is left to cool in a desiccator, and the mass is then weighed. The method of drying,
cooling, andweighing (W2) is repeated until a constant amount is reached, and thewater content (water content based on
dry weight) (mass %) is determined using the following formula.

[0150] In the formula, W0 is themass (g) of the pre-weighed weighing vessel, W1 is themass (g) of the weighing vessel
with the sample before drying, and W2 is the mass (g) of the weighing vessel with the sample after drying.

*Raw materials:

[0151] The rawmaterials for thecompositionsof thepresent invention isnot particularly restricted, as longas thevarious
ingredient compositions and properties specified in the present invention can be achieved. However, it may be preferable
to use one or more edible plants as raw materials, and it is more preferable to use pulse as edible plants.

*Pulse:

[0152] When pulse is used as edible plant in the composition of the present invention, preferable examples of pulse
species that can be used include, although not limited to, one or more selected from Pisum, Phaseolus, Cajanus, Vigna,
Vicia, Cicer, Glycine, and Lens species. Specific examples of pulse species include, although not limited to: peas (in
particular, yellow peas, white peas, and green peas, which are immature seeds), kidney beans, red kidney beans, white
kidney beans, black beans, pinto beans, toramame (a variation of kidney beans: concord paul), lima beans, scarlet runner
beans, pigeon peas, mung beans, cowpeas, azuki beans, broad beans (vicia faba), soybeans (especially edamame,
which are immature seeds of soybeans harvested with their pods in their immature state and characterized by the green
appearance of the beans), chickpeas, lentils, blue peas, scarlet runner beans, peanuts, lupin beans, glass peas, locust
beans (carob), twisted cluster beans, African locust beans, coffee beans, cacao beans, and Mexican jumping beans.
Other classifications of foodstuffs not exemplified can be naturally understood by those skilled in the art who deal with the
foodstuffsorprocessedproductsof the foodstuffs.Specifically, this canbeclearly understoodby referring to the foodgroup
classifications (p. 249, Table 1) in the Japan Standard Tables for Food Composition 2015 (7th revised edition), which are
also widely used in everyday aspects of life in the general household. These pulse species may be used either any one
singly or in any combination of two or more.
[0153] When pulse is used for the composition of the present invention, it may be preferable to usemature pulse rather
than immature pulse seeds (e.g. green peas, which are immature pea seeds, or edamame, which are immature soybean
seeds), because the proportion of the intermediate molecular weight fraction (molecular weight log 6.5 to 8.0) of starch in
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the composition increases. For the same reason, it may be preferable to use pulse which is in a state where the dry mass
basismoisture content is apredeterminedvalueor lessas theymature.Specifically, thedrymassbasismoisture content in
the pulse to be used for the composition of the present invention may preferably be typically less than 15 mass %,
particularly less than 13mass%, furthermore less than 11mass%, or less than 10mass%. On the other hand, the lower
limit of thedrymassbasismoisture contentof thepulsemaybe,althoughnotparticularly limited to, typically0.01mass%or
more.
[0154] When pulse is used for the composition of the present invention, the content of pulse in the composition of the
present inventionmay preferably be, although not limited to, typically 50mass%ormore, particularly 55mass%ormore,
furthermore60mass%ormore,or65mass%ormore, or70mass%ormore,or75mass%ormore,or80mass%ormore,
or 85 mass% or more, or 90 mass% or more, particularly 95 mass% or more, in terms of dry mass basis. The upper limit
may be, although not particularly limited to, typically 100 mass % or less.
[0155] When pulse is used for the composition of the present invention, it may be preferable to use pulse in the form of
powder. Specifically, it is preferred to use pulse powder which, when measured using a laser diffraction particle size
analyzerafter ultrasonication, hasaparticlediameter d90and/ord50whicheachsatisfy apredeterminedupper limit or less.
Specifically, the particle diameter d90 of the pulse powder after ultrasonication may preferably be less than 500 µm,more
preferably 450µmor less, particularly 400µmor less, or 350µmor less, or 300µmor less, or 250µmor less, or 200µmor
less, or 150µmor less, or 100µmor less, or 90µmor less, or 80µmor less, or 70µmor less, or 60µmor less, or 50µmor
less. Likewise, the particle diameter d50 of the pulse powder after ultrasonication may preferably be less than 500 µm,
more preferably 450µmor less, particularly 400µmor less, or 350µmor less, or 300µmor less, or 250µmor less, or 200
µmor less, or 150µmor less, or 100µmor less, or 90µmor less, or 80µmor less, or 70µmor less, or 60µmor less, or 50
µm or less. The lower limit of each of the particle diameters d90 and d50 after ultrasonication may be, although not
particularly limited to, typically 0.3 µm or more, or 1 µm or more, or 5 µm or more, or 10 µm or more. Especially if the
composition has a certain size or more during extrusion, the composition tends to pulsate during molding, which
deteriorates productivity and may result in an uneven composition surface. Therefore, it may be preferable to use
powdered pulse with a certain size or less.

*Other food ingredients:

[0156] Thecompositionof thepresent inventionmay further containanyoneormore food ingredients.Examplesof such
food ingredients include plant ingredients (vegetables, potatoes, mushrooms, fruits, algae, grains, seeds, etc.), animal
ingredients (seafood,meat, eggs,milk, etc.), andmicrobial foodproducts. Theamount of these food ingredients canbeset
appropriately as long as they do not undermine the purpose of the present invention.

*Seasonings and food additives:

[0157] The composition of the present invention may contain any one or more seasonings, food additives, etc., or the
contents of these seasoningsmaybe limited as explainedabove. Examples of seasonings and food additives include: soy
sauce, miso (Japanese fermented soybean paste), alcohols, sugars (e.g., glucose, sucrose, fructose, glucose-fructose
liquid sugar, glucose-fructose liquid sugar, etc.), sugar alcohols (e.g., xylitol, erythritol, maltitol, etc.), artificial sweeteners
(e.g., sucralose, aspartame, saccharin, acesulfame K, etc.), minerals (e.g., calcium, potassium, sodium, iron, zinc,
magnesium, etc., and their salts), flavoringagents, pHadjusters (e.g., sodiumhydroxide, potassiumhydroxide, lactic acid,
citric acid, tartaricacid,malicacidandaceticacid), cyclodextrins, antioxidants (e.g., vitaminE, vitaminC, teaextract, green
coffee bean extract, chlorogenic acid, spice extract, caffeic acid, rosemary extract, vitamin C palmitate, rutin, quercetin,
peach extract, sesame extract, etc.), emulsifiers (e.g., glycerin fatty acid esters, acetic acid monoglycerides, lactic acid
monoglycerides, citric acid monoglycerides, diacetyl tartaric acid monoglycerides, succinic acid monoglycerides, poly-
glycerin fatty acid esters, polyglycerin condensed linosylate esters, chiraya extracts, soybean saponins, chia seed
saponins, sucrose fatty acid esters, lecithin, etc.), colorants, thickening stabilizers, etc.
[0158] However, in view of the recent increase in nature consciousness, the composition of the present invention may
preferably not contain any additives of any one category, more preferably any two categories, most preferably all three
categories, of the so-called emulsifiers, colorants, and thickening stabilizer (e.g., those listed in the "Table of food additive
substance names for labeling" section of the "Pocket Book of Food Additives Labeling (2011 edition)" as "colorants,"
"thickening stabilizers," and "emulsifiers").
[0159] In particular, the composition of the present invention may preferably not contain a gelling agent, since the
composition can be given elasticity without any gelling agent while being prevented from having excessive elasticity. The
composition of the present invention may preferably not contain an emulsifier, from the viewpoint of making the natural
tastesof the ingredients easily perceptible. Inaddition, the compositionof thepresent inventionmaypreferably not contain
any foodadditives (e.g., e.g., those listed in the "Tableof foodadditive substancenames for labeling" sectionof the "Pocket
Book of Food Additives Labeling (2011 edition) used for food additive applications). From the perspective of making it
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easier to perceive the sweetness of the food itself, the composition of the present invention may preferably not contain
added sugars (especially purified sugars such as glucose, sucrose, fructose, glucose fructose liquid sugar, fructose
dextrose liquid sugar, etc.).
[0160] The composition of the present invention may also preferably be characterized by having little or no sodium
chloride content. Conventional starch-containing compositions for heat cooking (especially those containing gluten
having network structure) were provided with elasticity via addition of sodium chloride, which was problematic in terms of
affecting the taste and excessive salt intake. This problem is especially pronounced in dry compositions (dried udon, dried
hiyamugi, etc.), where sodium chloride is usually used at a level of 3 % by mass or higher to maintain compositional
elasticity. On the other hand, the composition of the present invention is advantageous since even if little or no amount of
sodium chloride is added, it canmaintain a good quality without losing its elasticity. It is also desirable to apply the present
invention to solid paste compositions for heat cooking such as pasta, udon, bread, etc., which are usually provided with
adhesion and elasticity via addition of gluten and sodium chloride, since they can be made into compositions of good
quality without the addition of sodium chloride. Specifically, the sodium chloride content in the composition of the present
invention on a drymass basis may typically be 3% bymass or lower, preferably 2% bymass or lower, more preferably 1%
by mass or lower, even more preferably 0.7% by mass or lower, particularly preferably 0.5% by mass or lower. The lower
limit of the sodiumchloride content in the composition of the present invention is not particularly limited, andmay be 0%by
mass. The sodium chloride content in a starch-containing composition is calculated by amethod, e.g., in accordance with
the "Salt equivalent" section of the JapanStandard Tables for FoodComposition 2015 (7th revised edition), bymeasuring
the amount of salt using the atomic absorption method and multiplying the measured value by 2.54.

*Smooth tissue part in the frozen section of the composition:

[0161] According to anembodiment of thepresent invention, the composition of thepresent inventionmaypreferably be
characterized in that when the frozen sections obtained by freezing and sectioning in the procedure described above are
observed, it has a smooth tissue part with an average thickness of a predetermined value ormore, along a predetermined
percentage or more of the periphery of the composition on the cut surface. This physical property is desirable since the
composition of the present invention satisfying this feature tends to prevent its components from leaking out during heat
cooking. Although the reason for this is not clear, it is estimated that when there is a structure along the periphery of the
composition that can be cut relatively smoothly compared to the interior of the composition, this structure is observed as a
smooth tissue part when the composition is cryosectioned.
[0162] The "smooth tissue part" herein refers to a layer structure with an average thickness of a predetermined value or
more, observed along the periphery of the frozen composition section image, and having a lighter color and less uneven
appearance than the non-smooth portion. The "average thickness" of the smooth tissue part herein refers to the average
value of the width of the smooth tissue part in the direction perpendicular to the periphery of the composition on the cut
surface, when measured along the periphery of the composition.
[0163] Specifically, the smooth tissue part may preferably be formed along 30% or more, or 40% or more, or 50% or
more, particularly 60% or more, more particularly 70% or more, still particularly 80% or more, or 90% or more, especially
100% (i.e., along the entire periphery of the composition on the cut plane) of the periphery of the composition on the cut
plane. The smooth tissue part may also have an average thickness of typically 18 µm or more, or 20 µm or more,
particularly 25 µm or more, more particularly 30 µm or more.
[0164] The smooth tissue part can be measured by preparing a frozen section of the composition frozen at ‑25 °C
(without treatment in hotwater) by cuttinga30µmthick sectionalongaspecific cut planeandobserving it. Thepreparation
andobservationof suchcomposition frozensections isnot restricted, but the followingprocedure ispreferred, for example.
The frozen composition is cut into a sectionwith a thickness of 30µmaccording toKawamotomethod described in "Use of
a new adhesive film for the preparation of multi-purpose fresh-frozen sections from hard tissues, whole-animals, insects
and plants", Arch. Histol. Cytol., (2003), 66[2]:123‑43. The thus-obtained frozen section of the composition is stainedwith,
e.g.,CBBsolution (CoomassieBrilliantBlueR250: 0.1mass%1;methanol: 40mass%;acetic acid: 10mass%).The thus-
obtained frozensection is thenplacedunder thefieldof viewof amicroscopewithamagnificationof200x, for example, and
a color photograph with pixel counts of 1360 x 1024 is taken for analysis.

*Non-swollen composition:

[0165] The composition of the present invention may preferably be a non-swollen food product rather than a swollen
food product (particularly a swollen food product having a density specific gravity of less than 1.0 due to swelling). In the
production of the compositions of the present invention, the compositions can be obtained by, after kneading the dough
composition at high temperature and pressure, lowering the temperature while preventing swelling, usually with pressure
applied, and then reducing the pressure to about atmospheric pressure, whereby a non-swollen composition according to
the present invention can be obtained.
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[III: Method for Producing Starch-Containing Composition for Heat Cooking]

(1) Summary:

[0166] The production method of the present invention is a method for producing the composition of the present
invention explained above, using the extruder of the present invention explained above.
[0167] The method for producing the composition of the present invention not particularly limited, and may be any
method as long as a composition satisfying the various requirements mentioned above can be obtained. Specifically, a
food ingredient as a raw material for the composition of the present invention, e.g., pulse, may be mixed with other food
ingredient, seasoning, and other ingredients optionally used. Processing such as heating and molding may be added if
necessary. Among others, the composition of the present invention may be produced efficiently by means of a specific
method including preparing a dough composition by mixing the ingredients mentioned above so as to meet the
requirements described above, kneading the dough composition under the specific high temperature and pressurized
conditions, and allowing the kneaded composition to cool down so as not to swell (hereinafter also referred to as "the
production method of the present invention").
[0168] Specifically, the production method of the present invention comprising the steps of:

(i) preparing a composition with an insoluble dietary fiber content of 3.0mass%ormore in terms of wetmass basis, a
starch content of 10.0mass%ormore in terms of wetmass basis, a protein content of 3.0mass%ormore in terms of
wet mass basis, and a dry mass basis moisture content of more than 25 mass %;
(ii) heating the composition preparedat step (i) along a course from the first flight section to the kneading section so as
to reach a temperature of 100 °C or more but 200 °C or less at the kneading section under pressurized conditions,
while kneading the composition with an SME value of 350 kJ/kg or more ;
(iii) depressurizing the composition kneaded at step (ii), from the pressurized state at the kneading section to
atmospheric pressure or less at the vent section; and
(iv) lowering the degree of gelatinization in the composition kneaded at step (ii) by 6mass% or more at the kneading
section and onward.

[0169] The production method of the present invention will be explained in details below.

(2) Step (i): Preparation of Dough Composition

[0170] In this step (i), a food ingredient as a rawmaterial for the composition of the present invention, e.g., pulse,maybe
mixed with other food ingredient, seasoning, and other ingredients optionally used to prepare a composition which is a
basis for the composition of the present invention (hereinafter also referred to as the "dough composition"). The dough
composition (also simply referred to as the "dough" or the "paste dough composition") may be in any form as long as the
food ingredients are partly or wholly integratedwith water, and it may be in liquid, sol, gel or solid form. For example, it may
be in aplasticized form, suchasbreaddough, or itmaybe in anon-plasticized form, suchasaminced form.Themethod for
preparing the dough composition is not particularly restricted, but may be a method in which a food ingredient as a raw
material for the composition of the present invention (preferably at least one or more pulse, optionally in combination with
one or more other edible plants) is simply mixed with other food ingredient, seasoning, and other ingredients optionally
used to prepare the dough composition. Preparation of the dough composition at step (i) may be carried out either by a
method involving adding water to the raw materials before being fed into the extruder (i.e., an embodiment in which the
dough composition at step (i) is prepared before being fed into the feeder) or by amethod involving addingwater to the raw
materials already in the extruder (i.e., an embodiment inwhich the rawmaterials (e.g. pulses) are fed into the feederwith a
moisture content of 25mass%or less in terms of drymass basis (e.g., in powder form), and the dough composition at step
(i) is prepared by adding water to the raw materials being conveyed by the first flight section), or by a method combining
theseembodiments. Inaddition, in anembodimentwhere thekneading is carriedout usinganextruder aswill beexplained
below, and the dough composition at step (i) is prepared by adding water to the raw materials being conveyed in the
extruder, it may be preferred that the rawmaterials in the extruder are not exposed to a high temperature of 90 °Cor higher
(or 95 °C, or 100 °C )withadrymassbasismoisture content of less than25mass%(or less than30mass%,or less than35
mass %, or less than 40 mass %), since this may render starch more resistant to thermal decomposition.

*Ingredients of the dough composition:

[0171] The dough composition may preferably be prepared so as to satisfy the various ingredient requirements
explained below.
[0172] The starch content in the dough composition in terms of wetmass basismay preferably be typically 10.0mass%
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ormore,particularly15mass%ormore,moreparticularly20mass%ormore, especially25mass%ormore,or30mass%
ormore, or 35mass%ormore,or 40mass%ormore, or 45mass%ormore, especially 50mass%ormore.Theupper limit
is not particularly restricted, but may be typically 80 mass % or less, or 75 mass % or less, or 70 mass % or less.
[0173] Thedrymassbasismoisture content in the dough compositionmaypreferably be typicallymore than25mass%,
particularly more than 30 mass %, particularly more than 35 mass %, especially more than 40 mass %, or more than 45
mass%,ormore than50mass%,ormore than55mass%,ormore than60mass%,ormore than65mass%,ormore than
70mass%, ormore than 75mass%, especiallymore than 80mass%maypreferably be. The upper limit is not particularly
restricted, but may preferably be 200 mass % or less, or 175 mass % or less, or 150 mass % or less.
[0174] The wet mass basis content of insoluble dietary fiber in the dough composition may preferably be typically 3.0
mass%ormore, especially 4.0mass%ormore, or 5.0mass%ormore, or 6.0mass%ormore, or 7.0mass%ormore, or
8.0mass%ormore, or 9.0mass%ormore, especially 10mass%ormore. Theupper limit is not particularly restricted, but
may be typically 40 mass % or less, or 30 mass % or less.
[0175] Thewetmass basis content of protein in the dough compositionmay preferably be typically 3.0mass%ormore,
particularly 4.0 mass % or more, more particularly 5.0 mass % or more, especially 6.0 mass % or more, or 7.0 mass% or
more,or 8.0mass%ormore,or 9.0mass%ormore,or 10mass%ormore,or11mass%ormore,or12mass%ormore,or
13mass%ormore, or 14mass%ormore, or 15mass%ormore, or 16mass%ormore, or 17mass%ormore, or 18mass
% or more. The upper limit is not particularly restricted, but may be typically 40 mass % or less, or 30 mass % or less.
[0176] The contents of insoluble dietary fiber, starch, and protein in the dough composition herein each refer to the wet
mass basis ratio calculated with the mass of the whole dough composition containing water as a denominator and the
content of each ingredient as a numerator, andmay be adjusted so as to satisfy their respective predetermined ranges by
adjusting the ingredients contained in the edible plant (e.g., pulse) to be used as a raw material as appropriate.
[0177] When edible plant (e.g., pulse) is used as a raw material for the dough composition, the wet mass basis ratio of
such edible plant (e.g., pulse)may preferably be 30mass%ormore, particularly 40mass%ormore,more particularly 50
mass%ormore, especially 60mass%ormore, or 70mass%ormore, or 80mass%ormore, or 90mass%ormore, or 100
mass %. The upper limit is not particularly restricted, but may be typically 100 mass % or less.
[0178] Whenedible plant (e.g., pulse) is used as a rawmaterial for the dough composition, the ratio of the starch content
and/or the protein content derived fromedible plant (e.g., pulse, especially heat-treated pulse explained below) to the total
starch content and/or the total protein content in the dough compositionmaypreferably beapredetermined value ormore.
Specifically, the ratio of the starch content derived from edible plant (e.g., pulse, especially heat-treated pulse explained
below) to the total starchcontent in thedoughcompositionmaypreferablybe30mass%ormore, particularly 40mass%or
more,moreparticularly 50mass%ormore, especially 60mass%ormore, or 70mass%ormore, or 80mass%ormore, or
90mass% or more, or 100mass%. The upper limit is not particularly restricted, but may be typically 100mass% or less.
Likewise, the ratio of the protein content derived from edible plant (e.g., pulse, especially heat-treated pulse explained
below) to the total protein content in the dough compositionmay preferably be 10mass%ormore, particularly 20mass%
ormore,moreparticularly 30mass%ormore, especially 40mass%ormore, or 50mass%ormore, or 60mass%ormore,
or70mass%ormore,or80mass%ormore,or90mass%ormore,especially100mass%.Thepulse-derivedproteinmay
preferably be pea-derived protein, most preferably protein derived from yellow pea.

*Degree of gelatinization of starch:

[0179] It is preferred to use gelatinized starch as a raw material of the dough composition, since this facilitates the
gelatinization step (i.e., step (ii) explained below). Specifically, the degree of gelatinization of the starch contained in the
composition before the gelatinization step (i.e., at step (i)) may preferably be a predetermined value or more. Specifically,
theupper limitmaypreferablybe10mass%ormore, particularly20mass%ormore,moreparticularly 30mass%ormore,
or 30 mass% or more, or 40 mass% or more, or 50 mass% or more, or 60 mass% or more, or 70 mass% or more, or 80
mass % or more, or 90 mass % or more. The upper limit is not particularly restricted, but may be typically 100 mass % or
less.
[0180] For the same reason, the starch contained in the composition before the gelatinization step (i.e., at step (i)) may
preferably be starch heated at a predetermined temperature or higher in advance. Specifically, the heat temperaturemay
preferably be 80 °C or higher, particularly 90 °C or higher, more particularly 100 °C or higher, or 110 °C or higher, or 120 °C
or higher. The upper limit is not particularly restricted, but may be typically 200 °C or lower, more particularly 180 °C or
lower. In addition, since starch heated at a high temperature with a dry mass basis moisture content of less than a
predeterminedvaluemayhavea lowprocessability due to thermal decomposition, the starch contained in the composition
before the gelatinization step (i.e., at step (i)) may preferably be starch heatedwith a drymass basismoisture content of a
predetermined value or higher. Specifically, it may be preferable to use heat-treated starchwhich have been heatedwith a
dry mass basis moisture content of more than 25mass%, particularly more than 30mass%,more particularly more than
35mass%, especiallymore than 40mass%, ormore than 45mass%, ormore than 50mass%, ormore than 55mass%,
ormore than 60mass%, ormore than 65mass%, ormore than 70mass%, ormore than 75mass%, especiallymore than
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80mass%,at apredetermined temperatureor higher (specifically, for example80 °Corhigher, particularly 90 °Corhigher,
more particularly 100 °Cor higher, or 110 °Cor higher, or 120 °Cor higher, while the upper limit is not particularly restricted,
but may be for example 200 °C or lower, more particularly 180 °C or lower). The upper limit of the drymass basismoisture
content during the teat treatment is not particularly restricted, but may be typically 200 mass% or less, or 175 mass % or
less or 150 mass % or less.

*Starch degrading enzyme activity in raw materials:

[0181] In order to provide the composition of the present invention with a starch degrading enzyme activity of a
predeterminedvalueor lower, itmaybepreferable touse, asa rawmaterial for thedoughcompositionat this step (i), starch
or starch-containing edible plant (e.g., pulse) which has been processed so as to adjust the starch degrading enzyme
activity to less than a predetermined value. Specifically, such raw materials may preferably be used such that the starch
degrading enzyme activity in the dough composition containing starch or starch-containing edible plant (e.g., pulse) in
termsof drymassbasis is 100U/gor less, particularly 60.0U/gor less, or 50.0U/gor less, or 40.0U/gor less, or 30.0U/gor
less. On the other hand, the lower limit may be, although not particularly limited to, typically 0.0 U/g or more, or 5.0 U/g or
more, or 10.0 U/g ormore, or 20.0 U/g ormore, or 30.0 U/g ormore, or 35.0 U/g ormore. Since starch degrading enzymes
contained in edible plants (e.g., pulse) are extremely heat-resistant in general, in order to obtain an edible plant with a low
starch degrading enzymeactivity, it may be preferable to use a processingmethod inwhich heat treatment is carried out at
a predetermined temperature or higher with a dry mass basis moisture content of 50 mass% or more. Specifically, it may
preferably be 100 °C or higher, particularly 110 °C or higher, especially 120 °C or higher. On the other hand, the upper limit
of the temperature may be, although not particularly limited to, typically less than 200 °C. The duration of heating may be
set as appropriate as long as the starch degrading enzyme activity is adjusted at a predetermined value, but may be
typically 0.1 minute or more.
[0182] According to the present invention, the starch degrading enzyme activity (U/g) may preferably decrease before
and after step (ii) by 20 % or more (i.e., the decreasing ratio defined as "{(in the composition before step (ii) starch
degrading enzyme activity (U/g)) - (the starch degrading enzyme activity in the composition after step (ii) (U/g))} / (the
starch degrading enzyme activity in the composition before step (ii) (U/g))" corresponds to a predetermined value or
higher), since this may serve to promote the effects of the present invention. The ratio may preferably be particularly 25%
ormore,moreparticularly30%ormore,especially35%ormore,or 40%ormore,or 45%ormore,or50%ormore, or55%
ormore, or 60%ormore, especially 65%ormore. The decreasing ratio corresponding to a predetermined value or higher
encompasses special caseswhere the starch degrading enzyme activity (U/g) in the composition before step (ii) is 0.0U/g
and the ratio therefore diverges to infinity.When the starch degrading enzymeactivity (U/g) in the composition before step
(ii) is more than 0.0, the upper limit of the ratio is not particularly limited, andmay be for example typically 100%or less, or
95 % or less.

*PDI of raw materials:

[0183] In order to provide the composition of the present inventionwith aPDI value of less than apredetermined value, it
may be preferable to use, as a rawmaterial for the dough composition at this step (i), protein or protein-containing edible
plant (e.g., pulse)which has beenprocessed soas to adjust thePDI value to less than apredetermined value. Specifically,
the PDI value of protein or protein-containing edible plant (e.g., pulse) to be used as a raw material of the dough
compositionmaypreferably be less than90mass%, particularly less than 85mass%,moreparticularly less than 80mass
%,especially less than75mass%,or less than70mass%, or less than65mass%, or less than60mass%,or less than55
mass%, or less than 50mass%, or less than 45mass%, or less than 40mass%, or less than 35mass%, or less than 30
mass%, or less than 25mass%, or less than 20mass%, or less than 15mass%, especially less than 10mass%.On the
other hand, the lower limit of the ratio may be, although not particularly limited to, typically 0 mass % or more, more
particularly 2 mass % or more, particularly 4 mass % or more.
[0184] The protein dispersibility index (PDI) value herein refers to an index of protein solubility, and can be obtained as
the percentage of the soluble nitrogen content to the total nitrogen content in the composition {(soluble nitrogen content in
the composition)/(total nitrogen content in the composition) x 100 (%)} according to the standard method. Specifically, a
sample to bemeasured ismixedwith 20 times the volumeofwater and thencrushed (usingaMicrotechNichionNS‑310E3
homogenizer at 8500 rpm for 10minutes), and the total nitrogencontent of the resulting crushed liquid ismultiplied by20 to
determine the total nitrogen content of the entire composition. The crushing solution is then centrifuged (3000G for 10
minutes), and the total nitrogen content of the supernatant obtained is thenmultiplied by 20 to determine thewater soluble
nitrogen content, whereby the PDI value in the composition can be determined. The total nitrogen content is measured
using the combustion method (improved Dumas method) specified in the Food Labeling Law ("About Food Labeling
Standards" (March 30, 2015, Shokuhin Table No. 139)).
[0185] In addition, the composition may more preferably be characterized in that the ratio of the protein content
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contained in edibleplant (e.g., pulse) to the total protein content in thecomposition is apredeterminedvalueor higherwhile
thePDI value is a predetermined value or lower, since the food texture improvement effect of the compositionmaybeeven
more pronounced. As a processing method for obtaining a protein with a low PDI value in the state of being contained in
edible plant (e.g., pulse), it may be preferable to carry out heat treatment in a circumstancewith a drymass basismoisture
content of 30mass%ormore at a predetermined temperature or higher, e.g., preferably 80 °Cor higher, particularly 90 °C
or higher, more particularly 100 °C or higher, especially 110 °C or higher. The upper limit of the temperature may be,
although not particularly limited to, typically less than 200 °C. The duration of heatingmay be set as appropriate as long as
the PDI value is adjusted at a predetermined value, but may be typically 0.1 minute or more.

*Particle diameter of insoluble dietary fiber in raw materials:

[0186] Whenedible plant (e.g., pulse) is usedasa rawmaterial for the dough composition, since the kneading treatment
does not significantly change the shape of insoluble dietary fiber, the insoluble dietary fiber derived from such edible plant
(e.g., pulse) may preferably have a predetermined size. It is highly likely that the insoluble fiber size in randomly crushed
pulse powder is more than 450 µm (because the insoluble fiber in pulse is usually rod-shaped, and the laser diffraction
particle size distribution measurement according to the invention tends to yield larger values). Therefore, the insoluble
dietary fiber contained in food ingredients to be used in the present invention (especially food ingredients containing hard
tissues, such as pulse with seed coat) may preferably have undergone specific crushing treatment in advance so as to
adjust its size to within a specific range. Specifically, as explained above for the insoluble dietary fiber in composition, the
particle size of the insoluble dietary fiber in edible plant (e.g., pulse) is evaluated by a method including treating the
aqueous suspension of the edible plant (e.g., pulse)with protease and amylase, and subjecting the composition after the
starch‑ and protein-degradation treatment, in which starch and protein are degraded by enzymes, to the ultrasonication,
and then to the measurement using a laser diffraction particle size analyzer to determine the particle size distribution.
Specifically, 6 mass % aqueous suspension of the edible plant (e.g., pulse) is treated with 0.4 volume% of protease and
0.02 mass % of α-amylase at 20 °C for 3 days (also referred to as "[Procedure b]") to carry out the starch‑ and protein-
digestion treatment, and the enzyme-treated composition is subjected to the measurement for the particle diameter
distribution (d90 and/or d50) after ultrasonication. Such treatment degrades starch and protein among the constituents of
the edible plant, so that the particle size distribution of the resulting degraded product is considered to reflect the particle
size distribution of the structure composed mainly of insoluble dietary fiber.
[0187] Specifically, the particle diameter d90 of the insoluble dietary fiber in the edible plant (e.g., pulse) obtained via the
procedurementioned abovemay preferably be 450µmor less, more preferably, 400µmor less, more preferably 350µm
or less,more preferably 300µmor less,more preferably 250µmor less,more preferably 200µmor less,more preferably
150 µm or less, more preferably 100 µm or less, more preferably 80 µm or less, more preferably 60 µm or less, more
preferably 50 µm or less. Likewise, the particle diameter d50 of the insoluble dietary fiber in the edible plant (e.g., pulse)
obtained via the procedure mentioned above may preferably be 450 µm or less, more preferably 400 µm or less, more
preferably 350 µm or less, more preferably 300 µm or less, more preferably 250 µm or less, more preferably 200 µm or
less, more preferably 150µmor less, more preferably 100µmor less, more preferably 80µmor less, more preferably 60
µmor less, more preferably 50µmor less. If the particle diameter d90 and/or d50 of the insoluble dietary fiber in the edible
plant exceeds these upper limits, the effects of the present inventionmay not be easily obtained. The reason for this is not
clear, but it is estimated that large and coarse insoluble dietary fibers inhibit the formation of matrix structure from starch,
etc., making it difficult for the effects of the invention to be achieved. On the other hand, the lower limit of the particle
diameter d90and/or theparticlediameter d50of insolubledietary fiber contained inedibleplantmaypreferablybe, although
not particularly limited to, typically 1 µm or more, more preferably 3 µm or more.

*CFW-stained sites in raw materials:

[0188] Whenedible plant (e.g., pulse) is usedasa rawmaterial for the dough composition, since the kneading treatment
does not significantly change the shape of insoluble dietary fiber, the insoluble dietary fiber contained in the edible plant
(e.g., pulse) may preferably have predetermined shapes. Specifically, as explained above for the insoluble dietary fiber in
composition, when water suspension of edible plant (e.g., pulse) is treated with protease and amylase to enzymatically
digest starch and protein to prepare a starch‑ and protein-digested product (specifically, a processed product from the
starch‑andprotein-digestion treatment of [Procedure b]), and theproduct is stainedwithCFW(CalcofluorWhite) and then
observed under fluorescencemicroscope, the average of the longest diameters and/or the average of the aspect ratios of
CFW-stained sites eachmay preferably satisfy a predetermined value or lower. The thus-obtainedCFW-stained sites are
deemed to have structures composed mainly of insoluble dietary fiber. Specifically, the arithmetic average of the longest
diameters of CFW-stained sites in edible plant (e.g., pulse) measured in accordance with the procedure explained above
may preferably be typically 450µmor less, particularly 400µmor less, or 350µmor less, or 300µmor less, or 250µmor
less, or 200µmor less, or 150µmor less, or 100µmor less, or 80µmor less,moreparticularly 60µmor less, especially 50
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µm or less. If the average of the longest diameters of CFW-stained sites exceeds these limits, the effects of the present
invention may be less likely to be achieved. The reason for this is not clear, but it is estimated that insoluble dietary fibers
with large diameters inhibit the formation of matrix structure from starch, etc., making it difficult for the effects of the
invention to be achieved. On the other hand, the lower limit of the arithmetic average of the longest diameters of CFW-
stained sitesmay preferably be, although not particularly limited to, typically 2µmormore,more preferably 3µmormore.
[0189] Since the kneading treatment at step (ii) does not significantly change the shape of insoluble dietary fiber, it may
be preferable to use an edible plant (e.g., pulse) in powder formwhich has been processed such that the insoluble dietary
fiber contained therein has an aspect ratio of a predetermined value or lower. It is highly likely that the insoluble fiber size in
randomly crushed pulse powder is more than 450µm (because the insoluble fiber in pulse is usually rod-shaped, and the
laserdiffractionparticle sizedistributionmeasurementaccording to the invention tends to yield larger values). Inaddition, if
edible plant (e.g., pulse) powder is subjected to air sorting, it is likely that edible plant particles having specific shapes are
removed, rendering the aspect ratios of CFW-stained sites in the resulting insoluble dietary fiber powder to be either too
highor too low.Therefore, itmaybepreferable touseanedibleplant (e.g., pulse)powder thathasbeensubjected to certain
crushing treatment to adjust the arithmetic average of the aspect ratios of CFW-stained sites, which are composedmainly
of insoluble dietary fiber, to within a predetermined range. Specifically, the arithmetic average of the aspect ratios of CFW-
stained sites in edible plant (e.g., pulse) measured in accordance with the procedure explained abovemay preferably be
typically 5.0 or less, particularly 4.5 or less, or 4.0 or less, or 3.5 or less, or 3.0 or less, or 2.5 or less, especially 2.0 or less. If
the averageof the aspect ratios ofCFW-stained sites exceeds these limits, the effects of the present inventionmaybe less
likely to be achieved. The reason for this is not clear, but it is estimated that insoluble dietary fibers with large aspect ratios
inhibit the formation ofmatrix structure fromstarch, etc.,making it difficult for the effects of the invention to beachieved.On
the other hand, the lower limit of the arithmetic average of the aspect ratios of CFW-stained sites may preferably be,
although not particularly limited to, typically 1.1 or more, more preferably 1.3 or more.
[0190] The specific conditions and procedures for measuring various parameters related to insoluble dietary fiber in
edible plant (e.g., pulse) used as a raw material for the dough composition, i.e., amylase and protease treatment,
ultrasonication, particle size distribution (particle size d90 and d50) measurement, CFW staining and fluorescence
microscopy, can be determined in accordance with the aforementioned methods for measuring various parameters
related to insoluble dietary fiber in a composition explained above.

*Pulverization and powdering of raw materials:

[0191] When edible plant (e.g., pulse) is used as a rawmaterial for the dough composition in the present invention, the
edible plant may preferably have undergone pulverization and powdering process. The means and conditions for the
pulverization andpowdering processare not particularly limited. Specifically, the temperature during the pulverization and
powderingprocess isnot particularly limited, but itmaypreferably bedriedat a temperatureof 200°Cor lower, for example,
since if the powder is exposed to too high temperatures, the elasticity of the composition of the present invention tends to
decrease.However,whenpulse is usedas theedibleplant andheatedbefore subjected topulverizationandpowdering for
use, the temperature is not particularly limited since the heat load is reduced. The pressure during the pulverization and
powdering process is not limited, and may be chosen from high pressures, normal pressures, and low pressures.
Examples of devices for the pulverization process include, but are not limited to, blenders, mixers, mills, kneaders,
crushers, disintegrators, and grinders. Specific examples that can be used include, for example, media stirring mills such
as dry bead mills ball mills (rolling, vibrating, etc.), jet mills, high-speed rotating impact mills (pin mills, etc.), roll mills,
hammer mills, etc.

*Heating and water addition treatment of raw materials:

[0192] When edible plant (e.g., pulse) containing starch is used as a raw material for the dough composition in the
present invention, it is preferred to use edible plant that has been heated under water-containing conditions as a pre-
treatment. It is particularly desirable to use edible plant that has been heated in an environment where the drymass basis
moisture content is adjusted to a predetermined value or higher (wet heating), since this may facilitate the formation of
structures in the resulting paste composition for food cooking.
[0193] Specifically, the dry mass basis moisture content of edible plant upon heating may preferably be, although not
limited to, typically 25 mass % or more, particularly 30 mass % or more, or 40 mass % or more, especially 50 mass % or
more. The upper limit of the drymass basismoisture content is not particularly restricted, butmay be typically 200mass%
or less, particularly 175mass%or less. The heating temperature of edible plantmaypreferably be, althoughnot limited to,
typically 80 °C or higher, particularly 90 °C or higher, more particularly 100 °C or higher, and typically 200 °C or lower,
particularly 190 °C or lower.
[0194] According to the present invention, it is more preferable to use both an edible plant containing starch and an
edible plant containing protein, more preferably an edible plant containing both starch and protein, and after pre-heating
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them with water, and subject the edible plant(s) to pre-heating under water addition conditions before use. Heating of
edible plant with water can be achieved by, e.g., steam heating.
[0195] On the other hand, when starch-containing edible plant (e.g., pulse) that has been powdered (e.g., to have a d90
and/or d50 < 1000µm) is subjected to pre-heating treatment before use, it may not be preferable to use edible plant heated
(e.g., at 90 °Corhigher) inadryenvironmentwithadrymassbasismoisturecontent of less than25mass%,since localized
heating of the starch may result in overheating, which may accelerate the thermal degradation of the amylopectin in its
structure and gives the composition a sticky quality.

*Particle diameter of the dough composition

[0196] The particle size of the dough composition as a whole may preferably be similar in size to the edible plant (e.g.,
pulse) powder mentioned above as a preferably used raw material. Specifically, when measuring the particle size of the
entire dough composition, a 1 cm square lump of a composition sample is immersed in 50mL of a solvent for particle size
distributionmeasurement (e.g. ethanol) at 80°C, allowed to stand for about 5minutes, then stirredwell while crushingwith
a spatula, suspended in liquid, and sieved with a 8-mesh sieve having an aperture size of 2.36 mm and a line diameter
(Wire Dia.) of 1.0 mm to thereby prepare a solution for measurement (also referred to as the suspension). This solution is
subjected to ultrasonication and then to particle diameter measurement using a laser diffraction particle size distribution
analyzer. The particle diameter d90 after ultrasonicationmay preferably be typically 500µmor less, particularly 450µmor
less, or 400µmor less, or 350µmor less, or 300µmor less, or 250µmor less, or 200µmor less, or 150µmor less, or 100
µmor less, or 90µmor less, or 80µmor less, or 70µmor less, or 60µmor less, or 50µmor less. Theparticle diameter d50
after ultrasonicationmaypreferably be typically 500µmor less, particularly 450µmor less, or 400µmor less, or 350µmor
less, or 300µmor less, or 250µmor less, or 200µmor less, or 150µmor less, or 100µmor less, or 90µmor less, or 80µm
or less, or 70µmor less,or 60µmor less,or 50µmor less.The lower limit of eachofd90andd50 isnotparticularly restricted,
but may be typically 0.3 µm or more, or 1 µm or more.
[0197] The term "mesh" used herein refers to a unit of mesh density for metallic wire meshes, sieves, filters, etc., and
represents the number of mesh apertures per inch. For example, "8 mesh pass" means a fraction that passes through a
sievewith anaperture sizeof 2.36mm.Wire thickness valuesandaperture spacing values related tomesh-onparameters
may be the values specified inU.S.A. Standard TestingSievesASTMSpecificationsE 11‑04 (e.g., 8mesh corresponds to
"No. 8" as defined in "Alternative" of the Nominal Dimensions, Permissible Variation for Wire Cloth of Standard Testing
Sieves (U.S.A.) Standard Series in this document) or equivalent values, unless otherwise specified.

(3) Step (ii): Kneading Treatment under High Temperature Conditions

[0198] The dough composition obtained at step (i) is kneaded at a certain strength under pressurized, specific high-
temperature conditions. This strong kneading under high temperature conditions allows the desired molecular weight
distribution of starch explained above to develop properly, whereby the effect of the invention is achieved. In particular,
kneading under predetermined high-temperature and high-pressure conditions is more desirable.
[0199] As for the specific conditions during kneading, theSME (specificmechanical energy) value calculated according
to Equation I below may be equal to or higher than a predetermined value, since this may serve to break down the starch
grains sufficiently to develop theproperties of amatrix. Specifically, theSMEvaluewithwhich the kneading is carriedout is
typically 350 kJ/kg or more. It may preferably be typically 400 kJ/kg or more, particularly 450kJ/kg or more, more
particularly500kJ/kgormore,or 550kJ/kgormore, or600kJ/kgormore,or 700kJ/kgormore, especially800kJ/kgormore.
When an extruder is used for the kneading, screw rotation speed may preferably be set at higher than 150rpm, more
preferably higher than 200rpm, still more preferably higher than 250rpm.
[Formula 2]

N: Screw rotation speed during kneading (rpm)
Nmax: Maximum screw speed (rpm)
τ: Kneading torque / maximum torque (%)
τempty: Idling torque / maximum torque (%)
Q: Total mass flow rate (kg/hr)
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Pmax: Maximum power of the agitator (e.g. extruder) (kW)

[0200] In addition, the aforementioned kneadingmaymore preferably be carried out at such a high temperature as 100
°C or higher, more preferably 110 °C or higher, more preferably 120 °C or higher, since the starch grain structure is more
likely to be destroyed.When an extruder is used, the kneading at a high temperature with a high SME value as described
abovemaypreferablybecarriedoutat 3%ormore (morepreferably5%ormore, stillmorepreferably8%ormore, stillmore
preferably 10% or more, still more preferably 15% or more, still more preferably 20% or more) of the total barrel length.
Since the starch grain structures derived frompulse and seeds aremore robust, the kneading at a high temperaturewith a
high SME value as described above ismore useful. The upper limit of the kneading temperaturemay preferably be 200°C
or less,more preferably 190°C or less,more preferably 180°C or less,more preferably 170°C or less. If the temperature at
this step exceeds the above-mentioned upper limit, especially when an extruder is used for kneading, the temperature at
the time of extrusion of the composition from the die section of the extruder may not be sufficiently low.
[0201] The above kneading is carried out under pressurized conditions relative to atmospheric pressure. Specifically, it
is more desirable to carry out the kneading under conditions in which a higher pressure than usual is applied, as this will
facilitate the development of the stained site structure according to the present invention. When an extruder is used, the
pressureduring thekneadingcanbemeasuredbymeasuring theoutlet pressureof theextruder.Whenkneading is carried
out under pressurized conditions relative to atmospheric pressure, the lower limit of the pressure to be applied may
typically be 0.01 MPa or higher, preferably 0.03 MPa or higher, more preferably 0.05 MPa or higher, more preferably 0.1
MPa or higher, more preferably 0.2MPa or higher, more preferably 0.3MPa or higher, 0.5MPa or higher, more preferably
1.0MPaor higher,more preferably 2.0MPaor higher,more preferably 3.0MPaor higher. The upper limit of the pressure is
not particularly limited, but it may be 50MPa or less. It is also preferable to install a flow retardation structure on the tip side
of theextruder, near theendpoint of thekneading segment (preferably just after theendpoint of thekneading segment), as
this can serve to increase the pressure in the kneading segment.
[0202] The kneading time can be determined appropriately based on various conditions such as the kneading
temperature and pressure and the size of the kneading vessel. In particular, since the amount of heat applied to the
composition varies greatly depending mainly on the characteristics of the apparatus used, it may be preferable to
determine the processing time such that the physical properties of the composition before and after the processing are
adjusted to within their respective desired ranges mentioned above. In general, however, The lower limit of the kneading
timemay preferably be typically 0.1minute ormore, particularly 0.2minute or more, more particularly 0.3minute ormore,
or 0.4minutes ormore, or 0.5minutes ormore, or 0.8minute ormore, or 1minutes ormore, especially 2minutes ormore.
The upper limit of the kneading time is not particularly restricted, but may be typically 60 minutes or less, particularly 30
minutes or less, more particularly 15 minutes or less, from the viewpoint of efficiency.
[0203] It is a surprising finding completely unknown in the past that kneading a dough composition under such severe
high-temperature and high-pressure conditions serves to form a complex structure of proteins, starches, insoluble dietary
fibers, etc., and improve the texture of the compositions, whereby the outflow of insoluble and soluble ingredients of the
composition may be suppressed.
[0204] The kneading treatment at step (ii) may preferably be carried out until the number of starch grain structures in the
composition becomes a predetermined value or lower. Although the principle behind this is unknown, it is estimated that
processing the composition under such high-temperature, high-pressure, and strong kneading conditions with its starch
grain structuresbeingdisruptedhelps thestarchspread inamatrix form throughout thecomposition,wherebyamylopectin
in the starch formsastructure thatmakes it easier for the resulting composition to express elasticity duringwater retention.
Specifically, the kneading treatment of the composition may preferably be carried out until the resulting composition
satisfies the requirement(s) (a) and/or (b) below, more preferably both the requirements (a) and (b).

(a) When 6% suspension of a crushed product of the composition is observed, the number of starch grain structures
observed is 300/mm2 or less.
(b)When14mass%aqueous slurry of a crushedproduct of the composition is subjected tomeasurementwith a rapid
visco-analyzer with elevating the temperature from 50 °C to 140 °C at a rate of 12.5°C/min, the peak temperature of
gelatinization obtained is lower than 120 °C.

[0205] With regard to the requirement (a), the number of starch grain structures observed under the conditions
mentioned above for the composition after the kneading treatment at step (ii) may preferably be typically 300/mm2 or
less, particularly 250/mm2 or less, more particularly 200/mm2 or less, especially 150/mm2 or less, or 100/mm2 or less, or
50/mm2 or less, or 30/mm2 or less, or 10/mm2 or less, especially 0/mm2. The details of the starch grain structures are the
same as those explained above for the composition of the present invention.
[0206] With regard to the requirement (b), the peak temperature of gelatinization measured under the conditions
mentioned above for the composition after the kneading treatment at step (ii) may preferably be typically less than 120 °C,
particularly less than 115 °C. The details of the peak temperature of gelatinization are the same as those explained above

32

EP 4 176 733 B1

5

10

15

20

25

30

35

40

45

50

55



for the composition of the present invention.
[0207] The degree of gelatinization of starch in the composition after the kneading at step (ii) may preferably be a
predetermined value or higher, from the viewpoint of preventing shapedisintegration during heat cooking. Specifically, the
degree of gelatinization of starch in the composition after the kneading at step (ii)may preferably be typically 30mass%or
more, particularly 40mass%ormore, particularly 50mass%ormore, especially 60mass%ormore, especially 70mass
% or more. The upper limit of the degree of gelatinization is not particularly restricted, but if it is too high, the starch may
breakdownand thecompositionmaybecomestickyandofundesirablequality.Accordingly, theupper limit of thedegreeof
gelatinization may preferably be 99 mass % or less, particularly 95 mass % or less, more particularly 90 mass % or less.

(4) Step (iii): Depressurizing treatment

[0208] This step is to depressurize the composition after being kneaded at step (ii) above from the pressurized state at
thekneadingsection toatmosphericpressureor lowerat thevent section.When thepressure is thus rapidly reducedby the
vent section, the composition with decomposed starch grain structures is homogenized so as not to generate heat,
whereby a starchmatrix structure is formed. And rapid cooling immediately afterwards at the second flight section and/or
the die section (in the case of extruders of the first embodiment) or die section/vent section (in the case of the second
embodiment) makes it possible to locally age the starch near the composition surface. The vent section may have a
structure that reduces the pressure inside the barrel to atmospheric pressure by being opened under atmospheric
pressure. However, it may more preferably have a forced exhaust mechanism in said vent section, since it allows for the
formation of a stronger matrix structure by removing air bubbles in the matrix structure while the composition is quickly
cooled down. The mechanism that can be employed for forced venting is the same as described above.
[0209] It is not desirable to subject the composition that has been heated to high temperature at the kneading section to
depressurization at the vent section without lowering the temperature, since this will cause thewater in the composition to
evaporate rapidly, causing the composition to swell and the starch matrix structure to disintegration. Therefore, after
kneading the composition under high temperature conditions, it is preferable to lower the temperature of the composition
before reducing the pressure at the vent section, to usually less than 110°C, especially less than 105°C, even less than
102°Candespecially less than100°C toprevent thecomposition fromswelling.The lower limit is not particularly restricted,
but may preferably be 10 °C or more, or 15 °C or more, or 20 °C or more, since the composition may harden if the
composition temperature is too low. In the case of the second embodiment, where the vent section and the die section are
integrated as a single unit (i.e., in the case of a structure where the die section is configured to serve as a vent section by
opening thecomposition toatmospheric pressure), thecomposition temperatureat thedie section (i.e., at thevent section)
maypreferably beat a certain temperature or higher, since if the composition temperature at the die section is too low, then
the compositionmay harden, thereby reducing productivity. Specifically, the lower limit of the temperaturemay preferably
be typically 30 °Cormore, particularly 35 °Cormore, particularly 40 °Cormore, especially 45 °Cormore, or 50 °Cormore.
The upper limit is not particularly restricted, but may be lower than 95 °C, or lower than 90 °C.
[0210] The step of lowering the temperature may preferably be carried out under constant pressure conditions. In this
case, the pressurization conditions during this temperature-lowering step are not particularly limited as long as swelling of
the composition can be prevented, although they may preferably be the same as those during the kneading step.
Specifically, the lower limit of the pressure to be applied during the temperature-lowering step (pressure to be further
applied in addition to the atmospheric pressure) may preferably be typically 0.01MPa or more, particularly 0.03MPa or
more,moreparticularly 0.05MPaormore, or 0.1MPaormore, or 0.2MPaormore, especially 0.3MPaormore.On theother
hand, the upper limit of the pressure to be applied during the temperature-lowering step is not particularly restricted, but
may be 50 MPa or lower.
[0211] However, the second embodiment, where the vent section and the die section are integrated as a single unit (i.e.,
in the case of a structure where the die section is configured to serve as a vent section by opening the composition to
atmospheric pressure), is preferred, since the pressure at the vent section can be relatively increased without the risk of
causing the composition to leak at the vent section. Accordingly, it is possible to drop thepressure by a larger decrement at
the vent section, and to thereby facilitate the disintegration of the starch grain structures. Specifically, the lower limit of the
pressure to be applied during the temperature-lowering step (pressure to be further applied in addition to the atmospheric
pressure)maypreferably be typically 0.15MPaor higher,more preferably 0.2MPaor higher,more preferably 0.25MPaor
higher, more preferably 0.3 MPa or higher, more preferably 0.4 MPa or higher. On the other hand, the upper limit of the
pressure is not restricted, but may be 50 MPa or lower.
[0212] The composition after step (iii) may be conveyed on a conveyor. In this case, the type of the conveyor is not
restricted, but may preferably be a mesh-shaped conveyor having a ventilated (preferably ventilated and water/liquid
permeable) loading surface in part or in whole. Employing such amesh-shaped conveyormakes it easier to apply various
treatments to the compositionbeing conveyed, suchaswater retention treatment,moisture content adjustment treatment,
drying treatment, etc., as described below. The details of these processes when a mesh-shaped conveyor is used are
described below.
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(5) Step (iv): Aging treatment

[0213] It may also be preferable to carry out the step of decreasing the degree of gelatinization in the composition
kneaded at step (ii) by a predetermined decrement ormore at step (iii) or after step (iii), since this stepmay serve to locally
age the starch near the surface of the composition, resulting in a composition with a strongermatte texture. In the present
invention, this step is also referred to as the step of "aging treatment."
[0214] Specifically, the decrease ratio of the degree of gelatinization in the composition before and after step (iv) with
respect to the degree of gelatinization in the composition kneaded at step (ii) is 6mass%ormore (i.e., the aging treatment
is tobecarriedout until thedegreeof gelatinizationdecreasesby6mass%ormore). Thedecrease ratiomaypreferably be
7mass%ormore, or 8mass%ormore, or 9mass%ormore, particularly 10mass%ormore.On theother hand, theupper
limit of the decrease ratio of the degree of gelatinization in the composition before and after step (iv) is not particularly
restricted, but may preferably be typically 50 mass % or less.
[0215] Thedegreeof gelatinizationof starch in the compositionafter thedegreeof gelatinization is decreasedat step (iv)
maypreferablybeapredeterminedvalueor lower, since this reflects that thestarchnear thesurfaceof thecompositionhas
been locally aged, resulting in a composition with a stronger matte texture. Specifically, the degree of gelatinization of
starch in the composition after the decrease at step (iv)may preferably be typically 90mass%or less, particularly 85mass
%or less, particularly 80mass%or less, or 75mass%or less, or 70mass%or less. The lower limit is also not particularly
restricted, but may preferably be 10 mass % or more, particularly 20 mass % or more, particularly 30 mass % or more,
especially 40 mass % or more, especially 50 mass % or more.
[0216] The aging at step (iv) is achieved by carrying out the water retention treatment as will be described below, along
with the treatment by the kneading section and the subsequent sections of the extruder, namely the vent section, the
secondflight section (in thecaseof the first embodiment describedabove), and thedie section, or asapost-treatment after
the processing by the extruder is completed, to age the starch near the composition surface. Specifically, after the
composition temperature is lowered to less than 90 °C (the lower limit of the temperature is not particularly restricted, but
may preferably be typically more than 0 °C, or more than 4 °C) after step (ii), the dry mass basis moisture content is
maintainedat 25mass%ormore for 0.1 hour or longer, particularly 0.2 hour or longer, particularly 0.3 hour or longer, or 0.4
hour or longer, or 0.5 hour or longer, or 0.6 hour or longer, or 0.7 hour or longer, or 0.8 hour or longer, or 0.9 hour or longer,
especially 1.0houror longer.Theupper limit of theduration isnotparticularly restricted, butmaybe for example typically20
hours or shorter, particularly 15 hours or shorter.
[0217] Step (iv)maybeachievedby the treatmentwhen thecomposition is in theextruder at step (iii) and thesubsequent
steps, or by the treatment after the composition is extruded from the extruder, or by the combination of the by the treatment
in the extruder and the treatment after the extrusion from the extruder.
[0218] Thecomposition temperatureat step (iv) is not restricted, butmaypreferablybe90 °Cor less, particularly 80 °Cor
less, particularly 70 °Cor less, especially 60 °Cor less. The lower limit is not particularly restricted, butmay bemore than 0
°C, or more than 4 °C. The pressure at step (iv) is not particularly restricted, but may be normal pressure.

(6) Adjustment of the moisture content in the composition

[0219] As an example of a means to accelerate the ageing described above, it may be preferable to add water to the
composition at any of the steps (i) to (iii) above to adjust the dry mass basis moisture content in the dough composition to
aboveapredeterminedvalue.Theadditionofwater to thecompositionmaypreferably becarriedout at step (i) to adjust the
dry mass basis moisture content in the dough composition to above a predetermined value. Specifically, the dry mass
basis moisture content in the composition may preferably be typically more than 25 mass %, particularly more than 30
mass%, ormore than 35mass%, ormore than 40mass%, particularlymore than 45mass%,more particularlymore than
50mass%, especiallymore than 55mass%, ormore than 60mass%, ormore than 65mass%, ormore than 70mass%,
or more than 75 mass %, especially more than 80 mass %. The upper limit of the dry mass basis moisture content in the
composition is not particularly restricted, butmaybe typically 200mass%or less, or 175mass%or less, or 150mass%or
less.
[0220] Specifically, moisturemay preferably be added at step (i) or (ii). It may bemore preferable to add water at step (i)
until the doughcomposition hasadrymassbasismoisture content of higher thanapredeterminedvalue (specificallymore
than 25mass%, particularlymore than 30mass%, particularlymore than 35mass%, especiallymore than 40mass%, or
more than45mass%,ormore than50mass%,ormore than55mass%,ormore than60mass%,ormore than65mass%,
ormore than 70mass%, ormore than 75mass%, especiallymore than 80mass%,while the upper limit is not particularly
restricted, but may be typically 200 mass % or less, or 175 mass % or less, or 150 mass % or less), and then add the
reminder of the totalmoisture content tobe incorporated in thecompositionafter step (i),morespecifically at step (ii) and/or
at step (iii). Specifically,whenpreparing thedoughcompositionat step (i), itmaybepreferable toaddapredetermined ratio
or more of the total moisture content to be incorporated in the composition.
[0221] More specifically, typically 50 % or more, particularly 55 % or more, more particularly 60 % or more, or 75 % or
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more, or 80 % or more, or 85 % or more, or 90 % or more, especially 100% of the total moisture to be added during the
production processmay preferably bemixedwith other rawmaterials.Watermay be added either in the formof water or in
the formof steam, butmay preferably be added in the formof water.When an extruder is used, watermay be added to raw
materials before being fed into the extruder in advance. Alternatively, raw materials may be fed into the extruder before
water is added to the rawmaterials in the extruder.When the rawmaterials are kneaded in the extruder, water may be fed
via the feeder into the extruder to be mixed with the raw materials to prepare the composition at step (i) in the extruder,
followedbystep (ii) in succession.However, apredetermined ratio or higher (for example60%ormore, or 75%ormore, or
80% or more, or 85% or more, or 90% or more, especially 100%) of the total moisture to be added during the production
(especially the moisture to be added at step (i) and step (ii)) may preferably be added when the dough composition is
preparedat step (i). Alternatively,watermaybeadded to the rawmaterials tobe fed via the feeder such that theyhaveadry
mass basis moisture content of less than 40 mass %, and then a part (or all) of the total moisture to be added during the
production process may be injected into the extruder by a water injection mechanism attached to the extruder barrel to
prepare thedough composition at step (i) in the extruder, and step (ii)maybe carried out in succession.However, adopting
this embodiment may tend to cause air bubbles in the resulting composition. Therefore, it may be preferable to carry out
deaerationat any stepbefore thedie section,morepreferably by adeaerationmechanismattached to the feeder and/or by
a vent section attached to the extruder barrel, as will be explained below. In addition, when water is added by the water
injectionmechanismattached to theextruderbarrel during theproductionprocess, theextrudermaypreferablybeabiaxial
extruder.
[0222] In addition, a predetermined ratio or higher of the total moisture to be added during the production process may
preferably be mixed with other raw materials before the temperature inside the extruder reaches a predetermined value,
since this may help prevent the starch from being decomposed due to overheating. Specifically, a predetermined ratio or
higher of the total moisture may preferably be mixed with other raw materials before the temperature inside the extruder
reaches typically 90 °C or higher, or 85 °C or higher, or 80 °C or higher. The ratio of themoisture to bemixedwith other raw
materials before the temperature inside the extruder reaches a predetermined valuemay preferably be typically 50mass
% or more, particularly 60mass% or more, more particularly 70mass% ormore, or 80mass% or more, or 90mass% or
more, especially 100 mass % of the total moisture to be added during the production process (especially of the total
moisture to be added at step (i) and step (ii)). When a certain ratio of moisture is mixed with other raw materials, the raw
materials may preferably bemixed with the ratio of moisture before being fed into the extruder. Specifically, 60mass% or
more of the totalmoisture to be added during the production process (especially of the totalmoisture to be added at step (i)
and step (ii))maypreferably bemixedwith other rawmaterials before the temperature inside theextruder reaches80 °Cor
higher. In addition, 60 mass % or more of the total moisture to be added during the production process (especially of the
totalmoisture to be addedat step (i) and step (ii))may preferably bemixedwith other rawmaterials before the temperature
inside the extruder increases from the external temperature by 20 °C or higher.
[0223] In general, simply for the purpose of gelatinizing starch, a drymass basismoisture content of about 40mass%or
less in the dough composition is sufficient. Considering the subsequent drying step, it can be said that there is no
motivation, but rather adisincentive, toaddmorewater. Therefore, it is difficult to conceiveof increasing thedrymassbasis
moisture content in the dough composition, unless having the idea of ageing the starch once it has been gelatinized as in
step (iv) of thepresent invention. Inaddition, even if thedrymassbasismoisture content in thedoughcomposition is simply
increased, it would still not be possible to adopt the configuration described above, i.e., to adjust the time required after the
temperature of the composition decreases to below 80°C after step (iii) until the dry mass basis moisture content in the
composition to be below 25mass% to a predetermined value or higher, unless having the idea of retainingmoisture as in
step (iv) of the present invention, which is the opposite of the idea of subsequently drying themoisture in the composition.
[0224] The specificmeans for adjusting themoisture content of the composition is not limited, but water addition during
the preparation of the dough composition at step (i) above is preferred. The addition of moisture can be done either in the
formofwater or steam, but it is preferred to add themoisture in the formofwater. Furthermore, when an extruder is used, it
is preferable tomix a predetermined percentage ormore of themoisture to be incorporated into the composition during its
production with other ingredients before the interior of the extruder is heated by 20°C or more, since this may prevent the
starch fromchanging its propertiesdue tooverheating.Specifically, it is preferable tomix typically 50%ormore, particularly
60 % or more, particularly 70 % or more, or 80 % or more, or 90 % or more, especially 100%, of the moisture to be
incorporated into the composition during production, with other ingredients before the interior of the extruder is heated by
20°C or more. When moisture is mixed with other raw materials, it is preferable to mix the aforementioned percentage of
moisture beforehand before the raw materials are fed into the extruder.
[0225] It is also possible to employ a method to add moisture to the composition at step (iii) or any subsequent step
(especially,whenanextruder is used, to the compositionafter extrusion) to increase the time for the composition to reacha
dry mass basis moisture content of 25 mass % to a predetermined time or longer. In this method, the moisture may be
added either in the form of water or in the form of steam, but may preferably be added in the form of water. It is more
preferable to add water by spraying it in the form of mist, since this can serve to reduce the amount of water used in the
production process while producing a composition of good quality. Alternatively, it is also possible to employ a method to
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put the composition directly into water and cause the composition to absorb water.
[0226] Inaddition, itmaybepreferable toemployamethod to volatilizemoistureassoonas it is added to thecomposition
at step (iii) or any subsequent step (especially, when an extruder is used, to the composition after extrusion), since the
composition temperature drops quickly due to the heat of vaporization. Specifically, the treatment may preferably be
carried out with adjusting the dry mass basis moisture content in the composition after volatilization so that it does not fall
below 25 mass %. More specifically, as mentioned above for example, it is possible to use a method to convey the
compositionafter step (iii) usingameshconveyorwhose loadingsurface ispartiallyor fully ventilated (preferably ventilated
andwater/liquid permeable), and to carryoutwater retention treatment byaddingwater to thecompositionbeforeandafter
the composition is placed on the conveyor (i.e., before or during transport). Thismethod is preferable because it allows the
composition to be conveyed and the aforementioned treatment to be carried out at the same time. The water retention
treatment may also be carried out by spraying the composition after conveyor transport with water on mist or by other
means.
[0227] Anembodiment of thewater retention treatment includes: placing the composition after extrusion on a conveyor;
immersing the entire conveyor in water (e.g., by providing a temporary immersion process in a water tank in the conveyor
transport process); and optionally blowing air to the composition being conveyed by the conveyor. Another embodiment of
the water retention treatment includes: placing the composition after extrusion on a conveyor; spraying water in mist form
on the composition at any stage before or after placing it on the conveyor; and optionally blowing air to the composition
being conveyed by the conveyor. In either case, it may be preferable to make part or all of the conveyor loading surface a
mesh-like structure with ventilation (such that, e.g., when air is blown vertically through the mesh, more than 1% or 3% of
theairflowpasses through it), since theaddedwater ismore likely to volatilizeduring transport, and theheatof vaporization
can efficiently lower the temperature of the composition and adjust the time taken to reach a moisture content of 25% by
mass in termsof drymassbasis.Especially inanembodimentwhere thecomposition isblownwhilebeingconveyedon the
conveyor, it may be preferable to blow air from the top and/or from the bottom of the mesh conveyor. The aperture size of
the mesh-like structure is not particularly limited, but may be determined such that the average aperture area is 1 mm2 or
more (specifically 1 mm x 1 mm or more), or 3 mm2 or more (specifically 3 mm x 1 mm or more), or 10 mm2 or more
(specifically 5 mm x 2 mm or more). On the other hand, the upper limit of the average aperture area is not particularly
restricted, butmay be 2500mm2or less (specifically 50mmx50mmor less), or 1500mm2or less (specifically 50mmx30
mm or less), or 500 mm2 or less (specifically 20 mm x 25 mm or less).
[0228] The degree of gelatinization may preferably be decreased by a predetermined ratio or higher (i.e., the
decremental difference in the degree of gelatinization calculated as "the degree of gelatinization in the composition
before the treatment) - (the degree of gelatinization after the treatment)" is a predetermined value or higher) before and
after blower treatment, in which air is blown from the top and/or from the bottom of the mesh conveyor. Specifically, the
water retention treatment may preferably be carried out until the decremental difference in the degree of gelatinization
reaches 1 mass % or more, particularly 2 mass % or more, more particularly 3 mass % or more, especially 4 mass % or
more, especially 5mass% ormore, especially 6mass% ormore. The upper limit is not particularly restricted, but may be
typically 50 mass % or less.
[0229] If thedrymassbasismoisture content of thecomposition temporarily drops tobelow25%bymassonadryweight
basis, the water retention process can be continued by re-hydrating the dry composition to increase the dry mass basis
moisture content. When the dry composition is re-hydrated, the temperature may preferably be kept at typically 60 °C or
lower, particularly 50 °C or lower, more particularly 40 °C or lower during the majority of the subsequent holding time.
[0230] It is also preferable to use a method to extend the duration of time until the dry mass basis moisture content
decreases to 25% to be longer than the predetermined time by increasing the ambient humidity of the composition (when
an extruder is employed, the composition after extrusion) at step (iii) and subsequent steps. Thismay serve to locally age
the starch near the surface of the composition, which normally loseswater quickly and is less likely to age compared to the
interior of the composition, and make the resulting composition easier to eat. This is especially preferable when the
composition is made intomultiple pieces to be eaten together, such as noodles, since pieces of the compositions are less
likely to bind to each other. Specifically, the composition after being extruded from the die section can be stored in a high-
humidity environment (e.g., >50 RH%) or sprayed with a mist of water or other treatment (also referred to as wetting
treatment) to achieve a specified reduction in the degree of gelatinization.
[0231] Wetting treatment may be carried out in a closed device with constant humidity, by using a device supplying an
atmosphere with constant humidity, or by maintaining relative humidity by holding the water vapor evaporating from the
composition around the composition, or by a combination of these methods.
[0232] When lowering the moisture content of the composition, the wetting treatment may be carried out before the
moisture content is lowered, or may be carried out as the moisture content is lowered, or may be carried out after the
moisture content is lowered. It is preferred to perform the wetting treatment before the moisture content is reduced, since
the effects of the present invention are thereby more pronounced.
[0233] The wetting treatment to the composition after step (iii) may preferably be carried out under conditions such that
the dry mass basis moisture content moisture content in the composition is adjusted to, for example, usually above 25
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mass%, amongothers above 25mass%, or evenabove 30mass%, or above 30mass%, or above 35mass%, or above40
mass%.Theupper limit is not particularly restricted, butmaybe typically 200mass%or less, or 175mass%or less, or 150
mass % or less.
[0234] Thewetting treatment for the compositionafter step (iii) above is preferably carriedout under conditions such that
the parameter A x T (RH%, hr) is above a predetermined lower limit. Where A indicates the relative humidity of the
atmosphere (RH%) and T indicates the wetting treatment time (hr). However, it is to be noted that A > 50 RH%. For
example, if the relative humidity of the atmosphere is 95 RH% (A) and the wetting treatment time is 1 hour (T), the
parameter A x T = 95 (RH%, hr). It is further preferred that such parameter A x T (RH%-hr) is usually 40 or more, among
others 50 or more, even 60 or more, or 70 or more, or 80 or more, especially 90 or more.
[0235] The temperature during the wet treatment is not particularly limited, but from the perspective of accelerating the
ageing of the composition, it may be preferable to perform the treatment at a predetermined temperature or lower.
Specifically, itmay bepreferable to carry out the treatment at 50°Cor lower, particularly 40 °Cor less, or 30 °Cor less, or 20
°Cor less, or 10 °Cor less.The lower limit of the temperature lower limit is notparticularly restricted, butmaypreferablybe0
°C or more, or 4 °C or more.
[0236] Alternatively, it is also preferable to use amethod to extend the duration of time until the drymass basismoisture
content decreases to 25% to be longer than the predetermined time by adjusting the internal temperature of the extruder
(more specifically, the second flight section) to drop below a predetermined value at step (iii). Specifically, the internal
temperature of the extruder (more specifically, the second flight section) may preferably be adjusted to typically less than
100 °C, particularly less than95 °C, particularly less than90 °C,moreparticularly less than85 °C, or less than80 °C, or less
than75 °C, or less than70 °C, or less than65 °C, or less than60 °C, or less than55 °C, or less than50 °C,or less than45 °C,
especially less than40 °C.The lower limit is not particularly restricted, butmaybehigher than0 °C, or higher than4 °C.This
method can extend the duration of time after the composition extruded from inside the extruder until the dry mass basis
moisture content decreases to less than 25 mass % to preferably 0.1 hour or longer, particularly 0.2 hours or longer,
particularly 0.3hoursor longer, or 0.4hoursor longer, or 0.5hoursor longer, or 0.6hoursor longer, or 0.7hoursor longer, or
0.8 hours or longer, or 0.9 hours or longer, especially 1.0 hours or longer. The upper limit of the extended duration of time is
not particularly restricted, but may be typically 20 hours or shorter, particularly 15 hours or shorter.

(7) Extruder

[0237] In the productionmethod of the present invention, at least steps (ii) and (iii), and optionally some or all of steps (i)
and/or (iv), may preferably be carried out using the specific extruder of the invention (more preferably a single screw
extruder) as described above.
[0238] Specifically, the raw materials for the composition of the present invention are fed via a feeder and mixed in the
extruder of the invention,wherebyacompositionhavingan insolubledietary fiber content of 3.0mass%ormore in termsof
wet mass basis, a starch content of 10.0 mass % or more in terms of wet mass basis, a protein content of 3.0 mass % or
more in termsofwetmassbasis, andadrymassbasismoisture content of 25%ormore isprepared (step (i)).However, the
preparation of the composition by mixing such raw materials may be carried out outside the extruder of the present
invention, and then the prepared composition may be fed to the extruder of the present invention via a feeder and only
steps (ii) and (iii) may be carried out by the production method of the present invention.
[0239] The prepared composition is then conveyed from the first flight section to the kneading section by rotating the
screw, while the barrel is heated by a heater to a predetermined temperature while kneading. Thus, the composition is
heated by 10 °C or more during the course from the first flight section to the kneading section, while being kneaded at the
kneading section at a SME value of 350 kJ/kg ormore under pressurized conditions and at a temperature of between 100
°C and 200 °C (step (ii)).
[0240] Next, particularly when using an extruder of the first embodiment described above, the kneaded composition is
conveyed from the kneading section to the second flight section by rotating the screw, while the pressure is reduced to
atmospheric pressure or lower by forced exhaustion at the vent section on the base side of the second flight section, to
thereby promote ageing and reduce the degree of sizing of the gelatinization. The composition is thereby depressurized
from the pressurized state in the kneading section to atmospheric pressure or lower at the second flight section (step (iii)).
Furthermore, the degree of gelatinization of the composition is reduced by a predetermined ratio or more after the
kneadingsection (step (iv)).Both step (iii) andstep (iv)maybecompleted inside theextruder, or step (iv)maybecompleted
by combining the lowering temperature treatment inside the extruder after step (iii) and the water retention treatment
outside the extruder. It is also preferred to lower the temperature of the composition temperature discharged from the die
section to the aforementioned predetermined temperature by forced exhaust at the vent section and/or by activating the
cooler at the die sectionor (in the caseof the extruder of the first embodiment describedabove) in the second flight section.
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(8) Other conditions

[0241] In theproductionmethodof thepresent invention, itmaybemorepreferable to keep the totalmass flow rateof the
extruder to a predetermined level or higher while lowering the outlet temperature setting of the die section of the extruder,
since this may promote the gelatinization of the composition. Those conditions may be adjusted as appropriate such that
the extruder outlet pressure is to a predetermined level or higher, but specific examples are as follows.
[0242] The totalmass flow rate (also referred to as the flowvolume) is not restricted, butmaypreferably bemaintained to
be 0.5 kg/hour or more, particularly 0.7 kg/hour or more, particularly 1.0 kg/hour or more. The upper limit of the total mass
flow rate is not particularly restricted, but may preferably be typically 100 kg/hour or less, or 50 kg/hour or less.
[0243] The outlet temperature to be set for the extruder is not restricted, but may preferably be less than 80 °C,
particularly less than75 °C,particularly less than70°C,or less than65°C,or less than60°C,or less than55°C,or less than
50 °C, or less than 45 °C, especially less than 40 °C. The lower limit is not particularly restricted, but may preferably be
typically 0 °C or more, or 4 °C or more.
[0244] Thedifferencebetween themaximumheating temperatureduring kneadingat step (ii) and the temperaturewhen
the composition discharged from the die section may preferably be a predetermined value or higher. Specifically, that the
differencebetween themaximumheating temperatureduring kneading in stage (ii) (the temperatureof thehighest heating
segment in the kneading section of the extruder) and the temperature when the composition discharged from the die
section may preferably be 20°C or more, especially 25°C or more, even more preferably 30°C or more. The upper limit of
the temperature difference is not particularly restricted, but since excessive cooling may cause blockage of the
composition inside the extruder, it may preferably be 110°C or less, more preferably 100°C or less.
[0245] Conventionally, extruders have often been used to produce puff and other swollen compositions, and their
production conditions are particularly difficult to apply to the production of compositionswithout swelling, as the conditions
at step (iii) are usually set at temperatureswhich cause the compositions to swell. This is because the internal temperature
transition of the extruder occurs continuously, and if, for example, only the temperature rise condition during kneading is
adopted and the outlet temperature setting is adjusted to a lower temperature as required, the effect of lowering the outlet
temperature setting is to lower the temperature during kneading and the entire internal temperature, resulting in a
completely different condition, which is not an adjustment that a skilled person can make as required. This was not an
adjustment that could bemadeby aperson skilled in the art as appropriate. In addition,whenmanufacturing puffandother
puffed products, it is technical common technical common knowledge of those skilled in the art to reduce the proportion of
moisture in the totalmassflowrate inorder tocause rapidswellingat reducedpressure.Therefore, therewasnomotivation
to increase the moisture content in the total mass flow rate as in the case of compositions that do not involve swelling.
[0246] It may also be preferable to provide, after step (iii) or step (iv), the step of adjusting the dry mass basis moisture
content of the composition to a predetermined value or lower, since this may delay or stop the aging of the starch in the
composition, resulting in a composition with a good quality. Specifically, the dry mass basis moisture content in the final
compositionmaypreferably be less than 60mass%, or less than55mass%,particularly less than50mass%, or less than
45mass%,or less than40mass%,or less than35mass%,or less than30mass%,or less than25mass%,or less than20
mass %, or less than 15 mass %. On the other hand, the lower limit of the dry mass basis moisture content in the
composition of the present invention is not restricted, butmaybe 0.5mass%ormore, or 1mass%ormore, or 2mass%or
more from the viewpoint of industrial production efficiency.
[0247] The dry mass basis moisture content of the composition of the present invention may be either derived from
various ingredients of the composition or derived from further added water. Specifically, it may be preferable to provide,
after step (iv), the step of adjusting the dry mass basis moisture content to less than 25 mass %, since this may serve to
locally age the starch on the composition surface, once gelatinized at step (ii). This is preferable when the composition is
made intomultiple pieces to be eaten together, such as noodles, since pieces of the compositions are less likely to bind to
each other.

(9) Post treatment

[0248] Although themethod for producing the composition of the present invention includes at least the steps explained
above, any post treatment may also be carried out. Examples of post treatments include molding treatment and drying
treatment.
[0249] Examples of molding treatments include molding the solid paste composition into a desired form (e.g., pasta,
Chinesenoodles,udon, inaniwaudon, kishimen,houtou, suiton,hiyamugi, somen, soba, sobagaki, bee-hun,pho, reimen,
vermicelli, oatmeal, couscous, kiritanpo, tteok, and gyoza skins, as mentioned above). Such a molding treatment can be
carried out usingmethods normally known in the art. For example, in order to produce compositions in elongated shapes
suchaspasta,Chinesenoodles, or othernoodles, thecompositioncanbeextruded intoelongated formsusinganextruder
or other devices described above. On the other hand, in order to produce compositions in flat plate shapes, the
composition may be molded into flat plate shapes. Furthermore, the composition can be made into any shape such
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as elongated, granular, or flaky shapes, by, e.g., press-molding the composition or cutting or die-cutting the flat-plate
shaped composition. Alternatively, after kneading, the compositionmay beextruded using a diewith a flowchannel cross-
sectionhavinganaveragedegreeof unevennessof apredeterminedvalueor higher to therebymold the composition such
that its cross-section has an average degree of unevenness of a predetermined value or higher. Examples of the die
shapes include, although not limited to, round, square, triangular, star, oval, crescent, half-moon, cross, and fylfot, as well
as any combinations thereof (e.g., a Celtic cross-shaped die hole, which is a combination of a Greek cross shape and a
circle shape arranged such that the intersection of the cross is on the center of the circle, and that the circle has a radius of
two-thirds or less of the distance from the center to each tip of the cross).

(10) Drying treatment

[0250] It may also be preferable to provide, after step (iv), the step to reduce the dry mass basis moisture content of the
composition to a predetermined value or lower (drying treatment step), since this may inhibit quality changes in the
composition andensure that thequality of the composition ismaintained. This stepmaybe referred to herein as the "drying
treatment" step. Specifically, the dry mass basis moisture content may preferably decrease before and after the drying
treatment step by 5 % or more (i.e., the decrease ratio calculated as "{(the ratio in the composition before the drying
treatment) - (the ratio in the composition after the drying treatment) }/(the ratio in the composition before the drying
treatment)" is a predetermined value or higher), particularly 10 % or more, particularly 15 % or more, especially 20 % or
more, or 25% or more, or 30% or more, or 35% or more, or 40% ormore, or 45% ormore, especially 50% or more. The
upper limit is not particularly restricted, but may be 100 % or less, or 95 % or less. Carrying out the drying treatment step
after the aging treatment at step (iv) may be particularly preferable since the aged starch formed near the composition
surface at step (iv) may inhibit the binding between pieces of the composition during the drying treatment, resulting in
excellent productivity.
[0251] In addition, the drymassbasismoisture content in the final composition after the drying treatmentmaypreferably
be less than 60mass%, or less than 55mass%, particularly less than 50mass%, or less than 45mass%, or less than 40
mass%, or less than 35mass%, or less than 30mass%, or less than 25mass%, or less than 20mass%, or less than 15
mass %. On the other hand, the lower limit of the dry mass basis moisture content in the composition of the present
invention is not restricted, butmaybe 0.5mass%ormore, or 1mass%ormore, or 2mass%ormore from the viewpoint of
industrial production efficiency. The dry mass basis moisture content in the composition of the present invention may be
either derived from various ingredients of the composition or derived from further added water.
[0252] The temperatureof thecompositionduring thedrying treatment is not restricted, butwhen the treatment is carried
out under normal pressure, it may preferably be more than 50 °C, particularly more than 60 °C, or more than 70 °C,
especially more than 80 °C. The upper limit is not particularly limited, but may be less than 100 °C, or less than 98 °C.
[0253] It is alsopreferable tocarryout thedrying treatment compositionslowlywith controlling the temperature, because
this may serve to reduce the dry mass basis moisture content of the composition to 10mass% or less in a relatively short
timeandprovide thepost-treatment composition (with adrymassbasismoisture content of 10mass%or less)with agood
quality not prone to cracking. Specifically, it may be preferable to calculate the "ambient relative humidity determined from
the composition temperature at any given point in time" from the composition temperature during the treatment, and to
control the composition temperature so that the average relative humidity during the entire treatment time to a
predetermined ratio or higher. For example, in cases where the composition has a relatively high moisture content
(e.g., with a dry mass basis moisture content of 25 mass % or more) during the treatment where the dry mass basis
moisture content in the composition decreases to 10mass%or less, it is possible to adjust the composition temperature to
a relatively high temperature to the extent that the saturated moisture vapor content does not rise too high, to thereby
increase theabsolute humidity in the atmosphere via evaporation of themoisture in the composition,whereby theaverage
relativehumidity canbeadjusted toapredetermined ratioorhigher.On theotherhand, in caseswhere thecompositionhas
a relatively low moisture content (e.g., with a dry mass basis moisture content of less than 25 mass %), it is possible to
adjust the composition temperature to a relatively low temperature to lower the saturatedmoisture vapor content,whereby
theaverage relativehumidity canbeadjusted to apredetermined ratio or higher.More specifically, the treatmentwhere the
drymass basismoisture content in the composition decreases to 10mass%or lessmay preferably be carried out so as to
adjust the average relative humidity during the treatment to typically 50RH%ormore, particularly 55RH%ormore, more
particularly 60RH%ormore, or 65RH%ormore, or 70RH%ormore, or 75RH%ormore, or 80RH%ormore. In addition,
at least either the average relative humidity during the periodwhen the composition has adrymassbasismoisture content
of 25 mass% or more and/or the average relative humidity during the period when the composition has a dry mass basis
moisture content of less than 25 mass % but 10 mass % or more may preferably be adjusted to a predetermined ratio or
higher (50RH%ormore, particularly 55RH%ormore,more particularly 60RH%ormore, or 65RH%ormore, or 70RH%
or more, or 75RH % or more, or 80RH % or more). More specifically, it may be preferable that at the average relative
humidity during theperiodwhen the composition has adrymassbasismoisture content of 25mass%ormore satisfies the
predetermined ratio or higher mentioned above, and it is more preferable that the average relative humidity during the
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period when the composition has a dry mass basis moisture content of less than 25 mass% but 10 mass% or more also
satisfies the predetermined ratio or higher mentioned above.
[0254] It is also preferable that the average relative humidity is adjusted to a predetermined ratio or higher at least during
the first 40%of the period of time required from the start of the drying treatment until the drymass basismoisture content in
the composition decreases to 10mass% (the time window during which the compositionmoisture is relatively high; more
preferably, the drymass basismoisture contentmay be 25mass%ormore during this timewindow) and/or during the last
60% of the period of time required from the start of the drying treatment until the dry mass basis moisture content in the
composition decreases to 10 mass % (the time window during which the composition moisture is relatively low; more
preferably, the dry mass basis moisture content may be less than 25 mass % during this time window). This adjustment
may serve to provide the post-treatment composition (with a drymass basismoisture content of 10mass%or less) with a
good quality not prone to cracking. It is more preferable that the average relative humidity is adjusted to a predetermined
ratio or higher during both of these time windows. Specifically, the drying treatment may preferably be carried out so as to
adjust theaverage relativehumidity to50RH%ormore,particularly 55RH%ormore,moreparticularly60RH%ormore, or
65RH%ormore, or 70RH%ormore, or 75RH%ormore, or 80RH%ormoreduring thefirst 40%and/or the last 60%of the
period of time mentioned above.
[0255] Any method used for drying food products can be used to adjust the composition temperature during the drying
treatment under the conditions mentioned above. However, it may be preferable to adjust the composition temperature
and/or the ambient temperature using, e.g., air drying.
[0256] The pressure during the drying treatment is also not particularly limited, and it may be carried out either under
atmospheric pressure or under reduced pressure. When the treatment is carried out under reduced pressure (e.g., less
than 0.1MPa), the temperature of the compositionmay preferably be less than 80 °C, in particular less than 70 °C, or less
than60 °C, inparticular less than50 °C.The lower limit is not particularly limited, butmaybehigher than0 °C, orhigher than
4 °C.
[0257] Anymethod commonly used for drying food products can be used as a dryingmethod. Examples include freeze
drying, air drying (e.g., draught drying (hot air drying), fluidized bed drying, spray drying, drum drying, low temperature
drying, sundrying, shadedrying, etc.), pressurizeddrying, reducedpressuredrying,microwavedrying, oil heat drying, etc.
Of these method, from the viewpoint that the color tone and flavor inherent in food ingredients are not significantly
changed, and that non-food aromas (e.g. burnt smell) can be controlled, microwave drying is preferred, and microwave
drying under reduced pressure is even more preferred. On the other hand, from the viewpoint of processing large
quantities of compositions, air drying (e.g., hot air drying, fluidized bed drying, spray drying, drum drying, low temperature
drying, sun drying, shade drying, etc.) is also preferred, and draught drying (especially hot air drying with ambient
temperatures within a predetermined temperature range) is particularly preferred.
[0258] During the drying treatment, it may be preferable to treat the composition for predetermined amount of time or
longer in an environment where the ambient temperature exceeds a predetermined level, because this may reduce the
time required for the dry mass basis moisture content to decrease by a predetermined ratio or higher. Specifically, the
drying treatmentmaypreferably be carried out at an ambient temperature of typically higher than 50 °C, particularly higher
than 60 °C, more particularly higher than 70 °C, or higher than 80 °C. The upper limit of the ambient temperature is not
particularly restricted, butmaybe typically100°Cor lower.Anenvironmentwhere theambient temperature ishigher thana
predetermined temperature can be created by, e.g., storing the composition extruded from the die section at high
temperature environment, maintaining the temperature of the composition extruded at high temperature to increase the
ambient temperature, or blowing the composition with high temperature air.
[0259] The treatment of the composition at ambient temperaturemay be carried out for a predetermined amount of time
or longer, typically0.1houror longer, particularly0.2houror longer, or 0.3houror longer, or 0.4houror longer, or 0.5houror
longer, or 0.6 hour or longer, or 0.7 hour or longer, or 0.8 hour or longer, or 0.9 hour or longer, especially 1.0 hour or longer.
The upper limit of the duration is not particularly restricted, but may be 20 hours or less, or 15 hours or less.

[III: Crushed Product of Starch-Containing Composition for Heat Cooking and its Agglomerate]

[0260] The composition of the present invention may be crushed before use. Specifically, the production method of the
present invention may further include, after the cooling of step (iii), the step of (v) crushing the composition to produce a
crushed composition. The thus-obtained crushed product of the composition of the present invention (hereinafter also
referred to as "the crushed composition of the present invention") also constitutes a subject of the present invention.When
thecompositionof thepresent invention is crushed into thecrushedcompositionof thepresent invention, theconditions for
crushing the composition are not particularly limited, butmay be determined such that the particle diameter d50 and/or d90
of the crushed composition is adjusted to within the range of 50 µm or more but 1000 µm or less.
[0261] When producing the crushed composition of the present invention, it may be preferable to crush the composition
of the present invention with high water retention properties, since the resulting crushed composition may constitute an
agglomerate with excellent shape retention property even at s high moisture content in terms of dry mass basis.
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Specifically, according toapreferable embodiment of thepresent invention, evenwhenanagglomerate is produced froma
crushed compositionwith a highdrymassbasismoisture content, for example, of typically 50mass%ormore, particularly
60 mass % or more, more particularly 70 mass % or more, or 80 mass % or more, or 90 mass % or more, especially 100
mass% or more, the resulting agglomerate may have excellent shape retention property. The upper limit of the dry mass
basis moisture content is not particularly restricted, but may be 500 mass % or less, or 400 mass % or less. It is also
possible to add moisture to the agglomerate composition followed by baking or kneading, whereby an agglomerate
composition with excellent moisture retention property is obtained.
[0262] It is also possible to use the crushed composition of the present invention as a raw material to prepare an
agglomerate of the crushed composition, e.g., by subjecting the crushed composition again to the high-temperature,
strong-kneading treatment according to the production method of the present invention, or by adding a certain volume of
water to the crushed composition followed by kneading. It may also be preferable to produce an agglomerate by pasta-
pressing a crushed composition of the present invention containing more than 15 mass % of moisture (preferably a
crushed composition the decremental difference in the drymass basismoisture content at step (iii) and onward is 10mass
% or less) as a raw material, more preferably with heating at 70 °C or higher (or 80 °C or higher). In other words, the
productionmethodof the present inventionmay further include, after the crushing at step (v), the stepof (vi) agglomerating
the crushed composition to produce a crushed composition agglomerate. The thus-obtained agglomerate of the crushed
composition of the present invention (also referred to as "the crushed composition agglomerate of the present invention")
may also preferably be used as the composition of the present invention or as a raw material at step (i) of the production
method of the present invention. The crushed composition agglomerate of the present invention also constitutes a subject
of the present invention. When the composition of the present invention is crushed into the crushed composition of the
present invention, the manufacture conditions are as explained above.
[0263] In addition, it may be preferable to use the crushed composition and/or the crushed composition agglomerate as
a heat-treated rawmaterial at step (i) of the productionmethod of the present invention at a predetermined ratio, since this
may serve to inhibit bindingbetweenpiecesof the resulting composition.Specifically, the crushed composition obtainedat
step (v) and/or the crushedcomposition agglomerate obtainedat step (vi)maybe incorporated into thedoughcomposition
prepared at step (i) at a predetermined ratio in terms of dry mass basis. The lower limit of the ratio is not particularly
restricted, but may be typically 5 mass % or more, particularly 10 mass % or more, more particularly 15 mass % or more,
especially 20mass%ormore in termsof drymassbasis. Theupper limit of the ratio is not particularly restricted, butmaybe
typically 100 mass % or less, or 90 mass % or less.

EXAMPLES

[0264] The present invention will now be described in further detail by way of Examples. These examples are shown
merely for convenienceof thedescription, and shouldnot be construedas limitations to thepresent invention in anysense.

[Preparation of starch-containing solid compositions]

[0265] The starch-containing composition sample in each of the Examples and Comparative Examples was produced
by preparing a composition from a predetermined combination of materials, kneading the prepared composition using a
predetermined uniaxial extruder under predetermined conditions and also gelatinizing it, and subjecting the kneaded
composition to post-treatment for aging. Protein and starch were used as those contained in their respective food
ingredients, and the contents thereof were adjusted using fractions having high contents of starch andprotein, whichwere
separated based on their differences in specific gravity.
[0266] Tables 1 and 2 below indicate the configuration and operating conditions for the extruder used for producing the
starch-containing composition sample in each of the Examples andComparative Examples and the details of processing
using the extruder. Table 3 indicates the combination of raw materials used for producing the starch-containing
composition sample in each of the Examples and Comparative Examples. Table 5 indicates the properties and
characteristics of the starch-containing composition sample in each of the Examples and Comparative Examples during
theproductionprocess (at eachof thegelatinizationandagingsteps). Table5 indicates sensoryevaluation results for each
starch-containing composition sample.
[0267] The Examples andComparative Examples using a barrel with a vent section were carried out using a barrel with
the vent section located at a position corresponding to the second flight section and within 5% from the start point of the
second flight section when the screw is in operation with the screw in the barrel (the first embodiment shown in Figure 1)
exceptExamples64and65,whichwerecarriedout usingabarrel according to thesecondembodiment asshown inFigure
3, and a variant of the die section as shown in Figure 5B. In each of the screw used in the Examples and Comparative
Examples, the ratio of the forward flight structure to the total length of the first flight section and the ratio of the forward flight
structure to the total length of the second flight section were both 100%.
[0268] In the Examples and Comparative Examples using a screw having a flow retarding structure, the flow retarding
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structure was located at the position between the tip end of the second flight section and the die section, and was a screw
structure with grooved holes (with a passage-like structure arranged in an oblique direction to the forward flight structure,
where the angle of the passage-like structure to the axis of rotation is 50% of the helix angle).
[0269] Thesamplesof thestarch-containingcompositions forheat cookingprepared for theExamplesandComparative
Examples, as well as samples of the raw materials used for each composition sample, were subjected to the following
analysis and sensory evaluation.

[Enzyme (amylase and protease) treatment]

[0270] Samples of the rawmaterial composition before processing and the composition after processing for each of the
Examples and Comparative Examples were subjected to the amylase and protease treatment as follows. 300mg of each
samplewasplaced inaplastic tubewith5mLofwater, allowed toswell at 20°C forabout1hour, and thenprocessedusinga
small Hiscotron (Microtech Nichion homogenizer NS‑310E3) until a porridge-like consistency is obtained (about 15
seconds at 1000 rpm) to prepare a 6 mass % water suspension of the composition. 2.5 mL of the treated sample is then
divided and combined with 10 µL of protease (Proteinase K, Takara Bio) and 0.5 mg of α-amylase (α-Amylase from
Bacillus subtilis, Sigma), and allowed to react at 20°C for 3 days.

[Measurement of particle diameter d50 after enzyme treatment and ultrasonication]

[0271] The samples of the rawmaterial composition before processing and the composition after processing for each of
the Examples and Comparative Examples having undergone amylase and protease were subjected to measurement of
the particle diameter distribution after ultrasonication, using a laser diffraction particle size analyzer, under the following
conditions. Ethanol was used as the solvent for themeasurement. The laser diffraction particle size analyzer used for the
measurementwasMicrotracMT3300EXII systemmarketedbyMicrotracBell Inc. Themeasurement application software
usedwasDMS2 (DataManagement System version 2, Microtrac Bell Inc.). Themeasurement was carried out as follows.
Cleaningwas carried out by pressing theWash button of the software, calibrationwas carried out by pressing theSet Zero
button of the software, and the sample was directly loaded via the Sample Loading feature until the sample concentration
was adjusted to within the proper range. The ultrasonic treatment was then performed by pressing the Ultrasonic
Treatment button of the software, and after three times of defoaming, the sample loading was carried out again to
confirm that the concentration was adjusted to within the appropriate range. Thereafter, the sample was promptly laser
diffractedat a flow rateof 60%withameasurement timeof 10seconds, and theparticle diameter distributionwasobtained.
The parameters for themeasurementmaybe, e.g., Distribution indication: Volume; Particle refractive index: 1.60; Solvent
refractive index: 1.36; Upper limit of measurement: 2,000.00 µm; Lower limit of measurement: 0.021 µm. The particle
diameter d50 was calculated from the obtained particle diameter distribution.

[Measurement of starch, protein, insoluble dietary fiber, and dry mass basis moisture contents]

[0272] The "Starch" content was determined according to the Japan Standard Tables for Food Composition 2015 (7th
revised edition) and using the method of AOAC 996.11, by a method in which soluble carbohydrates (glucose, maltose,
maltodextrin, etc.) that affect the measured value are removed via extraction treatment with 80% ethanol. The "Protein"
content was determined according to the Japan Standard Tables for Food Composition 2015 (7th revised edition), by
quantifying the total amount of nitrogen using the modified Kjeldahl method, and then multiplying the total amount of
nitrogen with the "nitrogen-protein conversion factor." The "Insoluble dietary fiber" content was determined according to
the Japan Standard Tables for Food Composition 2015 (7th revised edition), using the Prosky variant method. The "Dry
mass basis moisture content" was according to the Japan Standard Tables for Food Composition 2015 (7th revised
edition), by heating to 90°C using a decompression heating and drying method.

[Measurement of the number of starch grain structures in the field of view)

[0273] Each composition of the Test and Comparative Examples was pulverized with a mill and filtered through an
aperture size of 150µm to prepare composition powder. 3mg of the powder was suspended in 50µL of water to prepare a
6% aqueous suspension of composition powder. The suspension was dropped onto a glass slide, on which a cover glass
was then placed and lightly crushed to obtain a prepared slide. Representative sites in the prepared slide were observed
under a phase contrast microscope (ECLIPSE80i, Nikon) at a magnification of 200x to determine the number of starch
grain structures in the field of view.
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[Sensory evaluation]

*Summary of sensory evaluation procedure:

[0274] One mass of each starch-containing composition of the Examples and Comparative Examples prepared in the
manner described above was heat-cooked in 9 masses of water at 90°C for 5 minutes, and sensory evaluation was
conducted on both the product before and after the heat cooking.
[0275] Specifically, the heat cooled compositions were placed on paper plates, and 10 trained sensory inspectors
observed the compositions and evaluated the appearance of each composition before cooking, in terms of "Matte
appearance," the appearance of each composition after cooking before tasting and the taste of each composition upon
eating, in terms of "Burn" and "Shape disintegration during heat cooking," and the appearance and taste of each
composition before and after cooking, in terms of "Overall evaluation," in accordance with the following criteria. The
averageof the scores of 10 sensory inspectorswas calculated for eachevaluation item, and roundedoff to the first decimal
place to obtain the final score.

*Sensory inspectors:

[0276] The sensory inspectors were selected from those who achieved excellent performance in the identification
training described in A to C below, had experience in product development, had a lot of knowledge about food qualities
such as taste and texture, and were capable of performing absolute evaluation for each sensory evaluation item.
[0277]

A)Tastediscrimination test: a total of sevensampleswereprepared, including fiveaqueoussolutionsprepared for five
tastes (sweetness: taste of sugar; sourness: taste of tartaric acid; umami: taste of monosodium glutamate; saltiness;
taste of sodium chloride; and bitterness: taste of caffeine), each with a concentration close to the threshold value of
each component, and two sample solutionswith distilledwater, and the traineeswere instructed to accurately identify
the sample of each taste.
B) Concentration difference discrimination test: a series of five solutions with slightly different concentrations was
prepared for each of salt and acetic acid, and the trainees were instructed to accurately distinguish the solutions of
different concentrations for each component.
C) Three-point identification test to accurately identify from three soy sauce samples, two from Manufacturer A and
one from Manufacturer B, the soy sauce sample from Manufacturer B.

[0278] For any of the aforementioned evaluation items, standard samples were evaluated in advance by all the
inspectors, and each score of the evaluation criteria was standardized before objective sensory inspection was carried
out by 10 inspectors. The evaluation of each evaluation item was carried out using a method in which each inspector
selected oneof the scores closest to his or her ownevaluation froma five-point grading scale for each item. The total of the
evaluation results was calculated from the arithmetic mean of the scores of the 10 inspectors, and the standard deviation
was further calculated to assess the variation between the inspectors.

*Evaluation criteria for "Matte appearance":

[0279] For each composition, the appearance of the composition before cooking (matte appearance) was evaluated on
the following five-point grading scale. The degree of matte appearance was determined by evaluating the degree of light
scattering on the surface of the composition, using 2 mm thick haze standard plates made of acrylic resin (haze values of
5%, 10%, 20% and 30%; Murakami Color Technology Laboratory Ltd.) as references. Specifically, the degree of light
scattering on the surface of the composition under visible light (illuminance of 1000 lux) was evaluated using standard
plateswith haze values ranging from5% (low cloudiness, incident light reflected almost linearly, and relatively weakmatte
appearance) to 30% (high cloudiness, incident light reflected in all directions, and relatively strong matte appearance) as
indices. For example, "surface light scattering was between haze value 20%and haze value 30%"means that the degree
of light scatteringon the surfaceof thecompositionwasevaluatedasbeing "equal toorgreater than thestandardplatewith
a haze value of 20% but lower than the standard plate with a haze value of 30%."

5: The surface light scattering on the composition surface under visible light was larger than haze value 30%, with
strong matte appearance.
4: The surface light scattering on the composition surface under visible light was haze value 20 % or more less than
30%, with significant matte appearance.
3: The surface light scattering on the composition surface under visible light was haze value 10 % or more less than
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20%, with some matte appearance.
2: The surface light scattering on the composition surface under visible light was haze value 5 % or more less than
10%, with little matte appearance.
1: The surface light scattering on the composition surface under visible light was haze value less than 5%, with no
matte appearance.

*Evaluation criteria for "Shape disintegration during heat cooking":

[0280] For each composition, one mass part of the sample was heat-cooked in 9 mass parts of water at 90 °C for 5
minutes, and shape disintegration of the composition was evaluated on the following five-point grading scale.

5: Very favorable, with no disintegration in shape was observed.
4: Favorable, with little disintegration in shape was observed.
3: Rather favorable, with disintegration in shape in part was observed.
2: Rather unfavorable, with disintegration in shape was observed.
1: Unfavorable, with significant disintegration in shape was observed.

*Evaluation criteria for "Burn":

[0281] For each composition, the appearance of the composition after heat-cooking (the degree of burn) was evaluated
andnoted in the "Comments" column.Thedegreeofburnwasdeterminedusing thebrightnessdefined in theMunsell color
system (JISZ8721) as a reference, and if the difference in brightness reduction of the composition after processing
compared to the dough composition before processing was one or more, it was evaluated as "Discoloration associated
with burn was observed"; if the difference in brightness reduction of the composition after processing compared to the
composition of the dough before processing was 0 or more but less than 1, it was evaluated as "Slight discoloration
associated with burn was observed."

[Results]

[0282] Tables 1 to 5 below summarize the processing conditions,materials, properties and evaluation results of each of
the Examples and Comparative Examples.
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[Table 3‑1]

Table 3

Characteristics of dough compositions

Dough compositions

Moisture Protein Starch

Dry mass basis
moisture content

(%)

Origin of
Protein

Protein content
(wetmass basis

%)

Insoluble dietary fiber
content (wet mass

basis %)

Origin of
Starch

Example 1 70% Yellow pea 12.8 9.2 Yellow pea

Example 2 70% Yellow pea 12.8 9.2 Yellow pea

Example 3 70% Yellow pea 12.8 9.2 Yellow pea

Example 4 70% Yellow pea 12.8 9.2 Yellow pea

Example 5 70% Soybean +
Yellow pea 17.6 4.1 Yellow pea

Example 6 70% Lentil 7.6 11.8 Lentil

Example 7 70% Black turtle
bean 7.1 10.6 Black tur-

tle bean

Example 8 70% White pea 8.8 9.4 White pea

Example 9 70% Chickpea 6.9 7.6 Chickpea

Example 10 70% Yellow pea 4.1 3.5 Yellow pea

Example 11 70% Yellow pea 8.2 4.7 Yellow pea

Example 12 70% Yellow pea 10.6 7.1 Yellow pea

Example 13 70% Yellow pea 17.6 17.6 Yellow pea

Example 14 70% Yellow pea 12.8 9.2 Yellow pea

Example 15 70% Yellow pea 12.8 9.2 Yellow pea

Example 16 70% Yellow pea 12.8 9.2 Yellow pea

Example 17 70% Yellow pea 12.8 9.2 Yellow pea

Example 18 70% Yellow pea 12.8 9.2 Yellow pea

Comparative
Example 19 70% Yellow pea 12.8 9.2 Yellow pea

Example 20 70% Yellow pea 12.8 11.8 Yellow pea

Example 21 70% Yellaw pea 12.8 9.2 Yellow pea

Example 22 70% Yellow pea 12.8 9.2 Yellow pea

[Table 3‑2]

Table 3

Characteristics of dough compositions

Dough compositions

Moisture Protein Starch

Dry mass
basis

moisture
content (%)

Origin of
Protein

Protein
content (wet
mass basis

%)

Insoluble dietary
fiber content (wet
mass basis %)

Origin of
Starch

Example 23 70% Yellow pea 12.8 9.2 Yellow pea

Example 24 70% Yellow pea 12.8 9.2 Yellow pea

Example 25 70% Yellow pea 12.8 9.2 Yellow pea
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(continued)

Table 3

Characteristics of dough compositions

Dough compositions

Moisture Protein Starch

Dry mass
basis

moisture
content (%)

Origin of
Protein

Protein
content (wet
mass basis

%)

Insoluble dietary
fiber content (wet
mass basis %)

Origin of
Starch

Example 26 70% Yellow pea 12.8 9.2 Yellow pea

Example 27 70% Yellow pea 12.8 9.2 Yellow pea

Example 28 70% Yellow pea 12.8 9.2 Yellow pea

Example 29 70% Yellow pea 12.8 9.2 Yellow pea

Example 30 70% Yellow pea 12.8 9.2 Yellow pea

Example 31 70% Yellow pea 12.8 9.2 Yellow pea

Example 32 70% Yellow pea 12.8 9.2 Yellow pea

Example 33 70% Yellow pea 12.8 9.2 Yellow pea

Example 34 70% Yellow pea 12.8 9.2 Yellow pea

Example 35 70% Yellow pea 12.8 9.2 Yellow pea

Example 36 70% Yellow pea 12.8 9.2 Yellow pea

Example 37 70% Yellow pea 12.8 9.2 Yellow pea

Example 38 70% Yellow pea 12.8 9.2 Yellow pea

Example 39 70% Yellow pea 12.8 9.2 Yellow pea

Example 40 70% Yellow pea 12.8 9.2 Yellow pea

Example 41 70% Yellow pea 12.8 9.2 Yellow pea

Example 42 70% Yellow pea 12.8 9.2 Yellow pea

Comparative Example 43 20% Yellow pea 18.2 13.0 Yellow pea

Example 44 26% Yellow pea 17.3 12.4 Yellow pea

[Table 3‑3]

Table 3

Characteristics of dough compositions

Dough compositions

Moisture Protein Starch

Dry mass
basis

moisture
content (%)

Origin of
Protein

Protein
content (wet
mass basis

%)

Insoluble dietary
fiber content (wet
mass basis %)

Origin of
Starch

Example 45 35% Yellow pea 16.1 11.6 Yellow pea

Example 46 45% Yellow pea 15.0 10.8 Yellow pea

Example 47 100% Yellow pea 10.9 7.8 Yellow pea

Example 48 150% Yellow pea 8.7 6.2 Yellow pea

Example 49 200% Yellow pea 7.3 5.2 Yellow pea

Comparative Example 50 70% Yellow pea 12.8 9.2 Yellow pea

Example 51 70% Yellow pea 12.8 9.2 Yellow pea
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(continued)

Table 3

Characteristics of dough compositions

Dough compositions

Moisture Protein Starch

Dry mass
basis

moisture
content (%)

Origin of
Protein

Protein
content (wet
mass basis

%)

Insoluble dietary
fiber content (wet
mass basis %)

Origin of
Starch

Example 52 70% Yellow pea 12.8 9.2 Yellow pea

Example 53 70% Yellow pea 12.8 9.2 Yellow pea

Example 54 70% Yellow pea 12.8 9.2 Yellow pea

Example 55 70% Yellow pea 12.8 9.2 Yellow pea

Comparative Example 56 70% Yellow pea 12.8 9.2 Yellow pea

Comparative Example 57 70% Yellow pea 12.8 9.2 Yellow pea

Example 58 70% Yellow pea 12.8 9.2 Yellow pea

Example 59 70% Yellow pea 12.8 9.2 Yellow pea

Example 60 70% Yellow pea 12.8 9.2 Yellow pea

Example 61 55% Yellow pea 14.1 10.1 Yellow pea

Example 62 55% Yellow pea 14.1 10.1 Yellow pea

Example 63 55% Yellow pea 14.1 10.1 Yellow pea

Comparative Example 64 55% Yellow pea 14.1 10.1 Yellow pea

Example 65 51% Yellow pea 14.4 10.3 Yellow pea

Example 66 51% Yellow pea 14.4 10.3 Yellow pea

Example 67 51% Yellow pea 14.4 10.3 Yellow pea

[Table 4‑1]

Table 4

Characteristics of compositions during/after processing

Starch-containing compositions

Moisture Starch Insoluble dietary
fiber

Dry mass
basis

moisture
content

after post-
treatment

(%)

[A] Degree of
gelatinization
of starch after

kneading
(mass %)

[B] Degree of
gelatinization
of starch after
aging (mass

%)

[A] (B]
(mass
%)

(a)
Number
of starch
grains
(/mm2)

(b) RVA peak
temperature

of
gelatinization

(°C)

d90 of post-
processing

composition after
amylase/protease
treatment and
ultrasonication

(µm)

Example 1 10% 97% 45% 52% 0 81 103

Example 2 10% 96% 68% 28% 0 75 89

Example 3 10% 98% 40% 58% 0 91 86

Example 4 10% 95% 31% 64% 0 86 89

Example 5 10% 98% 47% 51% 0 67 98

Example 6 10% 96% 44% 52% 0 75 101

Example 7 10% 95% 54% 41% 0 80 102

62

EP 4 176 733 B1

5

10

15

20

25

30

35

40

45

50

55



(continued)

Table 4

Characteristics of compositions during/after processing

Starch-containing compositions

Moisture Starch Insoluble dietary
fiber

Dry mass
basis

moisture
content

after post-
treatment

(%)

[A] Degree of
gelatinization
of starch after

kneading
(mass %)

[B] Degree of
gelatinization
of starch after
aging (mass

%)

[A] (B]
(mass
%)

(a)
Number
of starch
grains
(/mm2)

(b) RVA peak
temperature

of
gelatinization

(°C)

d90 of post-
processing

composition after
amylase/protease
treatment and
ultrasonication

(µm)

Example 8 10% 92% 47% 45% 0 81 88

Example 9 10% 95% 44% 51% 0 72 98

Example 10 10% 80% 56% 24% 0 88 45

Example 11 10% 82% 51% 31% 0 92 58

Example 12 10% 89% 51% 38% 0 93 61

Example 13 10% 98% 48% 50% 0 94 78

Example 14 10% 97% 45% 52% 0 86 105

Example 15 10% 97% 76% 21% 0 86 153

Example 16 10% 96% 81% 15% 0 93 86

Example 17 10% 96% 86% 10% 0 91 140

Example 18 10% 98% 91% 7% 0 90 98
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[Table 5‑1]

Table 5

Sensory evaluation

Matte
appearance

Shape
disintegration
during heat
cooking

Comments

Example 1 5 5

Example 2 4 5

Example 3 5 5

Example 4 5 5

Example 5 5 5

Example 6 5 5

Example 7 5 5

Example 8 5 5

Example 9 5 5

Example 10 5 5

Example 11 5 5

Example 12 5 5

Example 13 5 4

Example 14 5 5 Noticeable discolouration associated with burn

Example 15 5 5

Example 16 5 5

Example 17 4 5

Example 18 3 5

Comparative Example 19 2 5

Example 20 5 5

Example 21 5 5

Example 22 5 5

Example 23 5 5

Example 24 4 5

Example 25 4 5

Example 26 4 4

Example 27 5 5

Example 28 5 5

Example 29 5 5

[Table 5‑2]

Table 5

Sensory evaluation

Matte
appearance

Shape
disintegration
during heat
cooking

Comments

Example 30 5 5
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(continued)

Table 5

Sensory evaluation

Matte
appearance

Shape
disintegration
during heat
cooking

Comments

Example 31 5 5

Example 32 5 5

Example 33 4 5

Example 34 5 5

Example 35 5 5

Example 36 5 5

Example 37 4 5

Example 38 3 5

Example 39 4 5

Example 40 3 5

Example 41 4 3

Example 42 5 5 Slight discolouration associated with burn

Comparative Example 43 1 3

Example 44 3 3

Example 45 5 5

Example 46 5 5

Example 47 5 5

Example 48 5 5

Example 49 5 5

Comparative Example 50 3 2

Example 51 4 4

Example 52 5 4

Example 53 5 5

Example 54 5 5

Example 55 5 5

Comparative Example 56 3 5 Slight discolouration associated with burn

[Table 5‑3]

Table 5
Sensory evaluation

Matte appearance Shape disintegration during heat cooking Comments

Comparative Example 57 3 1

Example 58 4 3

Example 59 5 4

Example 60 5 5

Example 61 5 5

Example 62 5 4
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(continued)

Table 5
Sensory evaluation

Matte appearance Shape disintegration during heat cooking Comments

Example 63 4 3

Comparative Example 64 3 1

Example 65 5 5

Example 66 5 5

Example 67 4 4

INDUSTRIAL APPLICABILITY

[0283] The present invention is widely applicable in the field of various food products for cooking, and its use is of great
value.

EXPLANATION OF SYMBOLS

[0284]

100, 102 Extruder

200, 202 Barrel

300, 302 Screw

400, 402 Feeder

500 Die section (flow channel shown in broken lines)

502/602 Die and vent section (flow channel shown in broken lines)

600 Vent section

700, 702 Heater

800, 800A, 800B, 802, 802A, 802B Cooler

200A, 202A,300A,302A First flight section

200B, 202B,300B, 302B Kneading section

200C,300C Second flight section

Claims

1. A method for producing a starch-containing composition for heat cooking using an extruder (100) comprising:

a screw (300) to be rotated by a motor;
a barrel (200) surrounding the circumference of the screw (300);
a feeder (400), attached to the base side of the barrel (200), for injecting a food material; and
a die section (500), attached to the tip side of the barrel (200), for molding and discharging a kneaded food
material;
wherein
the screw (300) includes, from the base side to the tip side, at least a first flight section (300A) and a kneading
section (300B) and

69

EP 4 176 733 B1

5

10

15

20

25

30

35

40

45

50

55



the barrel (200) has a vent section (600) at a position around the tip side on the kneading section (300B) of the
screw (300),
the method comprising the steps of:

(i) preparing a compositionwith an insoluble dietary fiber content of 3.0mass%ormore in terms of wetmass
basis, a starch content of 10.0mass%ormore in terms of wetmass basis, a protein content of 3.0mass%or
more in terms of wet mass basis, and a dry mass basis moisture content of more than 25 mass %, and
optionally thepreparationof the composition includesaddingmoisture toa rawmaterial beforebeing injected
to the extruder (100);
(ii) heating the composition prepared at step (i) along a course from the first flight section (300A) to the
kneading section (300B) so as to reach a temperature of 100 °C or more but 200 °C or less at the kneading
section (300B) under pressurizedconditions,while kneading thecompositionwith anSMEvalueof 350kJ/kg
or more, optionally the composition kneaded is cooled by 20°C or more along a course from the kneading
section (300B) to thedie section (500), andoptionally the degreeof gelatinization of starch in the composition
after the kneading at step (ii) is 30 mass % or more;
(iii) depressurizing the composition kneaded at step (ii), from the pressurized state at the kneading section
(300B) to atmospheric pressure or less at the vent section (600), and optionally the depressurization at is
carried out by forced exhaustion from the vent section (600); and
(iv) lowering the degree of gelatinization in the composition kneaded at step (ii) by 6 mass % or more at the
kneading section (300B) and onward by maintaining the dry mass basis moisture content at 25 mass % or
more for 0.1 hour or longer after the composition temperature is lowered to less than 90 °C after step (ii), and
optionally the degree of gelatinization of starch in the composition after the decrease in the degree of
gelatinization at step (iv) is 90 mass % or less.

2. The method according to claim 1, wherein the vent section (602) and the die section (502) are integrated as a single
unit.

3. The method according to claim 1, wherein

the screw (300) further includes a second flight section (300C) on the tip side of the kneading section (300B), and
the vent section (600) is located on a position of the barrel (200) corresponding to the first half of the second flight
section (300C),
optionally the second flight section (300C) includes a flow retarding structure between the tip side end point and
the die section (500), and
optionally a cooling equipment (800) is provided at any position between the kneading section (300B) and the
second flight section (300C) and/or the die section (500).

4. The method according to any one of claims 1 to 3, wherein the composition kneaded at step (ii) is cooled by 20°C or
more along a course from the kneading section (300B) to the die section (500).

5. The method according to any one of claims 1 to 4, wherein a groove-like structure is formed on the inner wall of the
barrel (200) in an area of 30 % or less of the total length of the kneading section (300B).

6. Themethod according to any oneof claims 1 to 5,wherein the average threadgroove depth in a region corresponding
to the last 80% of the total length of the first flight section (300A) is smaller than the average thread groove depth in a
region corresponding to the first 20%of the total length of the first flight section (300A) from the base side start point of
the first flight section (300A).

7. The method according to any one of claims 3 to 6, wherein

the average thread groove depth in a region corresponding to the last 80% of the total length of the second flight
section (300C) is smaller than the average thread groove depth in a region corresponding to the first 20% of the
total length of the second flight section (300C) from the base side start point of the second flight section (300C),
and
optionally the average thread groove pitch in a region corresponding to the last 80% of the total length of the
second flight section (300C) is larger than the average thread groove pitch in a region corresponding to the first
20%of the total length of the second flight section (300C) from thebase side start point of the second flight section
(300C).
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8. Themethodaccording to any oneof claims 1 to 7,wherein the starch contained in the composition at step (i) is derived
from edible plant which has undergone heating treatment at a temperature of 80 °C or more under water-containing
conditions with a dry mass basis moisture content of 25 mass % or more.

9. Themethodaccording to any oneof claims 1 to 8,whereinwhen the composition preparedby themethod is subjected
to the treatment under [Procedure A] below followed by ultrasonication, and then to measurement for the particle
diameter distribution, the d50 and/or d90 obtained from the particle diameter distribution is less than 450 µm.
[Procedure A] 6 mass % aqueous suspension of the composition is treated with 0.4 volume % of protease and
0.02 mass % of α-amylase at 20°C for 3 days.

10. The method according to any one of claims 1 to 9, wherein

thepreparationof thecompositionat step (i) includes injectinga rawmaterial to theextruder (100)and thenadding
moisture to the raw material in the extruder (100), and
optionally at step (i), the rawmaterial in theextruder (100) is not exposed to temperaturesof 90°Cormoreduringa
period when its dry mass basis moisture content is less than 25 mass %.

11. Themethod according to any one of claims 1 to 10, wherein the composition after the kneading at step (ii) or after the
depressurization at step (iii) satisfies the requirement(s) (a) and/or (b) below.

(a) When 6% suspension of a crushed product of the composition is observed, the number of starch grain
structures observed is 300/mm2 or less.
(b)When 14mass%aqueous slurry of a crushed product of the composition is subjected tomeasurement with a
rapid visco-analyzer with elevating the temperature from 50 °C to 140 °C at a rate of 12.5°C/min, the peak
temperature of gelatinization obtained is lower than 120 °C.

12. The method according to any one of claims 1 to 11, wherein

the composition contains edible plant, and
optionally the ratio of the content of starch contained in the edible plant to the total starch content in the
composition is 30 mass % or more.

13. The method according to claim 12, wherein

the edible plant is pulse,
optionally thepulse is oneormorespeciesof pulseselected fromPisum,Phaseolus,Cajanus,Vigna,Vicia,Cicer,
Glycine and Lens species, and
optionally the composition contains pulse at a ratio of 50 mass % or more in terms of dry mass basis.

14. The method according to any one of claims 1 to 13, wherein the composition is a non-swollen product.

15. The method according to any one of claims 1 to 14, further comprising the step of:
(v) crushing the composition from step (iii) or (iv) to produce a crushed composition, wherein

optionally the method further comprises the step of:
(vi) agglomerating the crushed composition from step (v) to produce a crushed composition agglomerate, and
optionally the method further comprises the step of:
incorporating the crushed composition from step (v) and/or the crushed composition agglomerate from step (vi)
into the composition at step (i) at a ratio of 5 mass % or more in terms of dry mass basis.

Patentansprüche

1. Verfahren zum Produzieren einer stärkehaltigen Zusammensetzung zum Kochen in der Wärme unter Verwendung
eines Extruders (100), umfassend:

eine Schnecke (300), die durch einen Motor zu drehen ist,
einen Zylinder (200), der den Umfang der Schnecke (300) umgibt;
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einen an der Basisseite des Zylinders (200) angebrachten Zuführer (400) zum Injizieren eines Nahrungs-
mittelmaterials; und
einen an der Spitzenseite des Zylinders (200) angebrachten Mundstückabschnitt (500) zum Formen und
Ausgeben eines gekneteten Nahrungsmittelmaterials;
wobei
die Schnecke (300) von der Basisseite zu der Spitzenseite mindestens einen ersten Gangabschnitt (300A) und
einen Knetabschnitt (300B) einschließt und
der Zylinder (200) einen Lüftungsabschnitt (600) an einer Position um die Spitzenseite an dem Knetabschnitt
(300B) der Schnecke (300) aufweist,
wobei das Verfahren die folgenden Schritte umfasst:

(i) Zubereiten einer Zusammensetzung mit einem Gehalt an unlöslichen Ballaststoffen von 3,0 Masse-%
oder mehr hinsichtlich Nassmassebasis, einem Stärkegehalt von 10,0 Masse-% oder mehr hinsichtlich
Nassmassebasis, einemProteingehalt von3,0Masse-%odermehrhinsichtlichNassmassebasisundeinem
Feuchtigkeitsgehalt auf Trockenmassebasis vonmehr als 25Masse-%, und wobei optional die Zubereitung
der Zusammensetzung Hinzufügen von Feuchtigkeit zu einem Rohmaterial einschließt, bevor es in den
Extruder (100) injiziert wird;
(ii) Erwärmen der in Schritt (i) zubereiteten Zusammensetzung entlang eines Verlaufs von dem ersten
Gangabschnitt (300A) zudemKnetabschnitt (300B), umeineTemperatur von100 °Codermehr, aber 200 °C
oder weniger in dem Knetabschnitt (300B) unter druckbeaufschlagten Bedingungen zu erreichen, während
die Zusammensetzung mit einem SME-Wert von 350 kJ/kg oder mehr geknetet wird, wobei optional die
geknetete Zusammensetzung entlang eines Verlaufs von dem Knetabschnitt (300B) zu dem Mundstück-
abschnitt (500) um 20 °C oder mehr abgekühlt wird und optional der Gelatinierungsgrad von Stärke in der
Zusammensetzung nach dem Kneten in Schritt (ii) 30 Masse-% oder mehr beträgt;
(iii) Druckentlasten der in Schritt (ii) gekneteten Zusammensetzung von dem druckbeaufschlagten Zustand
in dem Knetabschnitt (300B) auf Atmosphärendruck oder weniger in dem Lüftungsabschnitt (600), und
wobei optional die Druckentlastung durch erzwungene Entlüftung aus dem Lüftungsabschnitt (600) aus-
geführt wird; und
(iv) Senken desGelatinierungsgrads in der in Schritt (ii) gekneteten Zusammensetzung um6Masse-%oder
mehr in dem Knetabschnitt (300B) und weiter durch Halten des Feuchtigkeitsgehalts auf Trockenmasse-
basis bei 25 Masse-% oder mehr für 0,1 Stunde oder länger, nachdem die Zusammensetzungstemperatur
nach Schritt (ii) auf weniger als 90 °C gesenkt wird, und wobei optional der Gelatinierungsgrad von Stärke in
der Zusammensetzung nach der Verringerung des Gelatinierungsgrads in Schritt (iv) 90 Masse-% oder
weniger beträgt.

2. Verfahren nach Anspruch 1, wobei der Lüftungsabschnitt (602) und der Mundstückabschnitt (502) als eine einzelne
Einheit integriert sind.

3. Verfahren nach Anspruch 1, wobei

die Schnecke (300) ferner einen zweiten Gangabschnitt (300C) an der Spitzenseite des Knetabschnitts (300B)
einschließt und sich der Lüftungsabschnitt (600) an einer Position des Zylinders (200) befindet, die der ersten
Hälfte des zweiten Gangabschnitts (300C) entspricht,
optional der zweite Gangabschnitt (300C) eine strömungsverzögernde Struktur zwischen dem spitzenseitigen
Endpunkt und dem Mundstückabschnitt (500) einschließt und
optional eine Kühlausrüstung (800) an einer beliebigen Position zwischen dem Knetabschnitt (300B) und dem
zweiten Gangabschnitt (300C) und/oder dem Mundstückabschnitt (500) bereitgestellt ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei die in Schritt (ii) geknetete Zusammensetzung entlang eines
Verlaufs von dem Knetabschnitt (300B) zu dem Mundstückabschnitt (500) um 20 °C oder mehr abgekühlt wird.

5. Verfahren nach einemderAnsprüche 1 bis 4, wobei eine rillenartige Struktur an der Innenwand desZylinders (200) in
einem Bereich von 30 % oder weniger der Gesamtlänge des Knetabschnitts (300B) ausgebildet ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei die durchschnittliche Gewinderillentiefe in einer Region, die den
letzten 80 % der Gesamtlänge des ersten Gangabschnitts (300A) entspricht, kleiner ist als die durchschnittliche
Gewinderillentiefe in einerRegion, die denersten 20%derGesamtlängedes erstenGangabschnitts (300A) von dem
basisseitigen Startpunkt des ersten Gangabschnitts (300A) entspricht.
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7. Verfahren nach einem der Ansprüche 3 bis 6, wobei

die durchschnittliche Gewinderillentiefe in einer Region, die den letzten 80 % der Gesamtlänge des zweiten
Gangabschnitts (300C) entspricht, kleiner ist als die durchschnittlicheGewinderillentiefe in einerRegion, die den
ersten20%derGesamtlängedeszweitenGangabschnitts (300C) vondembasisseitigenStartpunkt des zweiten
Gangabschnitts (300C) entspricht, und
optional die durchschnittliche Gewinderillenteilung in einer Region, die den letzten 80 % der Gesamtlänge des
zweiten Gangabschnitts (300C) entspricht, größer ist als die durchschnittliche Gewinderillenteilung in einer
Region, die den ersten 20 % der Gesamtlänge des zweiten Gangabschnitts (300C) von dem basisseitigen
Startpunkt des zweiten Gangabschnitts (300C) entspricht.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei die in der Zusammensetzung in Schritt (i) enthaltene Stärke aus
einer essbaren Pflanze abgeleitet ist, die einer Erwärmungsbehandlung bei einer Temperatur von 80 °C oder mehr
unter wasserhaltigen Bedingungen mit einem Feuchtigkeitsgehalt auf Trockenmassebasis von 25 Masse-% oder
mehr unterzogen wurde.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei, wenn die durch das Verfahren zubereitete Zusammensetzung
der Behandlung gemäß dem nachstehenden [Vorgehen A], gefolgt von Ultrabeschallung, und dann einer Messung
der Partikeldurchmesserverteilung unterzogen wird, der aus der Partikeldurchmesserverteilung erlangte d50 und/o-
der d90 weniger als 450 µm beträgt
[VorgehenA] 6Masse-%wässrigeSuspension der Zusammensetzungwird 3Tage lang bei 20 °Cmit 0,4 Volumen-%
Protease und 0,02 Masse-% α-Amylase behandelt.

10. Verfahren nach einem der Ansprüche 1 bis 9, wobei

dieZubereitungder Zusammensetzung inSchritt (i) InjiziereneinesRohmaterials in denExtruder (100) unddann
Hinzufügen von Feuchtigkeit zu dem Rohmaterial in dem Extruder (100) einschließt und
optional inSchritt (i) dasRohmaterial in demExtruder (100)während einesZeitraums, in demseinFeuchtigkeits-
gehalt auf Trockenmassebasis weniger als 25 Masse-% beträgt, keinen Temperaturen von 90 °C oder mehr
ausgesetzt ist.

11. VerfahrennacheinemderAnsprüche1bis 10,wobei dieZusammensetzungnachdemKneten inSchritt (ii) oder nach
der Druckentlastung in Schritt (iii) die nachstehende(n) Anforderung(en) (a) und/oder (b) erfüllt

(a) wenn 6 % Suspension eines zerkleinerten Produkts der Zusammensetzung beobachtet werden, beträgt die
Anzahl der beobachteten Stärkekomgefüge 300/mm2 oder weniger,
(b) wenn 14 Masse-% wässrige Aufschlämmung eines zerkleinerten Produkts der Zusammensetzung einer
Messung mit einem schnellen Viskositätsanalysator unterzogen werden, wobei die Temperatur mit einer Rate
von 12,5 °C/min von 50 °C auf 140 °C erhöht wird, ist die erlangte Spitzentemperatur der Gelatinierung niedriger
als 120 °C.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei

die Zusammensetzung eine essbare Pflanze enthält und
optional das Verhältnis des in der essbaren Pflanze enthaltenen Stärkegehalts zu dem Gesamtstärkegehalt in
der Zusammensetzung 30 Masse-% oder mehr beträgt.

13. Verfahren nach Anspruch 12, wobei

die essbare Pflanze eine Hülsenfrucht ist,
es sich optional bei der Hülsenfrucht um eine oder mehrere Hülsenfruchtarten handelt, die ausgewählt sind aus
den Arten Pisum, Phaseolus, Cajanus, Vigna, Vicia, Cicer, Glycine und Lens, und
optional die Zusammensetzung die Hülsenfrucht in einem Verhältnis von 50 Masse-% oder mehr hinsichtlich
Trockenmassebasis enthält.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei die Zusammensetzung ein nicht gequollenes Produkt ist.

15. Verfahren nach einem der Ansprüche 1 bis 14, ferner umfassend den folgenden Schritt:
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(v) Zerkleinern der Zusammensetzung aus Schritt (iii) oder (iv), um eine zerkleinerte Zusammensetzung zu
produzieren, wobei
das Verfahren optional ferner den folgenden Schritt umfasst:

(vi) Agglomerierender zerkleinertenZusammensetzungausSchritt (v), umeinAgglomerat der zerkleinerten
Zusammensetzung zu produzieren, und
das Verfahren optional ferner den folgenden Schritt umfasst:
Einarbeitender zerkleinertenZusammensetzungausSchritt (v) und/oderdesAgglomerats der zerkleinerten
Zusammensetzung ausSchritt (vi) in die Zusammensetzung in Schritt (i) in einemVerhältnis von 5Masse-%
oder mehr hinsichtlich Trockenmassebasis.

Revendications

1. Procédédeproductiond’unecompositioncontenantde l’amidonpourcuissonàchaudà l’aided’uneextrudeuse (100)
comprenant :

une vis (300) destinée à être entraînée en rotation par un moteur ;
un cylindre (200) entourant la circonférence de la vis (300) ;
un dispositif d’alimentation (400), fixé au côté de base du cylindre (200), pour injecter unematière alimentaire ; et
une section de filière (500), fixée au côté de pointe du cylindre (200), pour mouler et décharger un matériau
alimentaire malaxé ;
dans lequel
la vis (300) comprend, du côté de base au côté de pointe, au moins une première section de filet (300A) et une
section de pétrissage (300B) et
le cylindre (200) a une section d’évent (600) à une position autour du côté de pointe sur la section de malaxage
(300B) de la vis (300),
le procédé comprenant les étapes de :

(i) préparation d’une composition ayant une teneur en fibres alimentaires insolubles de 3,0 % massique ou
plus en termes de base pondérale humide, une teneur en amidon de 10,0%massique ou plus en termes de
base pondérale humide, une teneur en protéines de 3,0 % massique ou plus en termes de base pondérale
humide, et une teneur en humidité en base pondérale sèche de plus de 25%massique, et facultativement la
préparation de la composition comprend l’ajout d’humidité à unematière première avant d’être injectée dans
l’extrudeuse (100) ;
(ii) chauffede lacompositionpréparéeà l’étape (i) le longd’une trajectoireallant de lapremière sectiondefilet
(300A) à la section demalaxage (300B) demanière à atteindre une température de100°Couplusmais 200°
Coumoins au niveau de la section demalaxage (300B) dans des conditions sous pression, tout enmalaxant
la composition avec une valeur SME de 350 kJ/kg ou plus, facultativement la composition malaxée est
refroidiede20°Couplus le longd’une trajectoireallant de la sectiondemalaxage (300B)à lasectiondefilière
(500), et facultativement le degré de gélatinisation de l’amidon dans la composition après le malaxage à
l’étape (ii) est de 30 % massique ou plus ;
(iii) dépressurisation de la composition malaxée à l’étape (ii), de l’état pressurisé au niveau de la section de
malaxage (300B) à la pression atmosphérique ou moins au niveau de la section d’évent (600), et faculta-
tivement la dépressurisation à est effectuée par épuisement forcé à partir de la section d’évent (600) ; et
(iv) abaissement du degré de gélatinisation dans la composition malaxée à l’étape (ii) de 6 % massique ou
plus au niveau de la section de malaxage (300B) et au-delà en maintenant la teneur en humidité de base
pondérale sèche à 25 % massique ou plus pendant 0,1 heure ou plus après que la température de la
composition est abaissée àmoins de 90° C après l’étape (ii), et facultativement le degré de gélatinisation de
l’amidon dans la composition après la diminution du degré de gélatinisation à l’étape (iv) est de 90 %
massique ou moins.

2. Procédéselon la revendication1,dans lequel la sectiond’évent (602)et ladite sectiondefilière (502) sont intégréesen
une seule unité.

3. Procédé selon la revendication 1, dans lequel

la vis (300) comprendenoutre unesecondesection defilet (300C) sur le côtédepointe de la sectiondemalaxage
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(300B), et la section d’évent (600) est située sur uneposition ducylindre (200) correspondant à la premièremoitié
de la seconde section de filet (300C),
facultativement, la deuxièmesectiondefilet (300C) comprendunestructurede retardd’écoulement entre le point
d’extrémité du côté de pointe et la section de filière (500), et
facultativement, un équipement de refroidissement (800) est prévu à n’importe quelle position entre la section de
malaxage (300B) et la deuxième section de filet (300C) et/ou la section de filière (500).

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la composition malaxée à l’étape (ii) est
refroidie à 20° C ou plus le long d’une trajectoire allant de la section de malaxage (300B) à la section de filière (500).

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel une structure de type rainure est formée sur la
paroi interne du cylindre (200) dans une zone de 30 % ou moins de la longueur totale de la section de malaxage
(300B).

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel la profondeur de rainure de filetage moyenne
dans une région correspondant aux derniers 80 % de la longueur totale de la première section de filet (300A) est
inférieure à la profondeur de rainure de filetage moyenne dans une région correspondant aux premiers 20 % de la
longueur totale de la première section de filet (300A) à partir du point de départ du côté de base de la première section
de filet (300A).

7. Procédé selon l’une quelconque des revendications 3 à 6, dans lequel

la profondeur de rainure de filetage moyenne dans une région correspondant aux derniers 80 % de la longueur
totale de la seconde section defilet (300C) est inférieure à la profondeur de rainure de filetagemoyennedansune
région correspondant aux premiers 20 % de la longueur totale de la deuxième section de filet (300C) à partir du
point de départ du côté de base de la seconde section de filet (300C), et
facultativement, le pas de rainure de filetage moyen dans une région correspondant aux derniers 80 % de la
longueur totale de la seconde section de filet (300C) est supérieur au pas de rainure de filetagemoyen dans une
région correspondant aux premiers 20 % de la longueur totale de la seconde section de filet (300C) à partir du
point de départ du côté de base de la seconde section de filet (300C).

8. Procédé selon l’une quelconquedes revendications 1à7, dans lequel l’amidon contenu dans la composition à l’étape
(i) est dérivé d’une plante comestible qui a subi un traitement thermique à une température de 80° C ou plus dans des
conditions contenant de l’eau avec une teneur en humidité en base pondérale sèche de 25 % massique ou plus.

9. Procédéselon l’unequelconquedes revendications1à8, dans lequel lorsque la compositionpréparéepar leprocédé
est soumise au traitement sous [procédure A] ci-dessous suivi d’une ultrasonification, puis à une mesure pour la
distribution du diamètre des particules, le d50 et/ou d90 obtenu à partir de la distribution du diamètre des particules est
inférieur à 450 µm
[Procédure A] Une suspension aqueuse à 6 % massique de la composition est traitée avec 0,4 % en volume de
protéase et 0,02 % massique d’α-amylase à 20° C pendant 3 jours.

10. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel

la préparationde la compositionà l’étape (i) comprend l’injectiond’unematièrepremièredans l’extrudeuse (100),
puis l’ajout d’humidité à la matière première dans l’extrudeuse (100), et
facultativement à l’étape (i), la matière première dans l’extrudeuse (100) n’est pas exposée à des températures
de 90° C ou plus pendant une période où sa teneur en humidité en base pondérale sèche est inférieure à 25 %
massique.

11. Procédé selon l’une quelconquedes revendications 1à10, dans lequel la composition après lemalaxageà l’étape (ii)
ou après la dépressurisation à l’étape (iii) satisfait à la ou aux exigence(s) (a) et/ou (b) ci-dessous

(a) Lorsqu’une suspension de 6%d’un produit broyé de la composition est observée, le nombre de structures de
grains d’amidon observé est de 300/mm2 ou moins
(b) Lorsque la suspension aqueuse à 14 % massique d’un produit broyé de la composition est soumise à une
mesure avec un visco-analyseur rapide avec élévation de la température de 50° C à 140° C à un taux de 12,5°
C/min, la température de pointe de gélatinisation obtenue est inférieure à 120° C.
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12. Procédé selon l’une quelconque des revendications 1 à 11, dans lequel

la composition contient une plante comestible, et
facultativement le rapport de la teneur en amidon contenue dans la plante comestible sur la teneur en amidon
totale dans la composition est de 30 % massique ou plus.

13. Procédé selon la revendication 12, dans lequel

la plante comestible est un légume sec,
facultativement, le légumesec est une ou plusieurs espèces de légumes secs choisies parmi les espècesPisum,
Phaseolus, Cajanus, Vigna, Vicia, Cicer, Glycine et Lens, et
facultativement, la composition contient un légumesecàun rapport de50%massiqueouplus en termesdebase
pondérale sèche.

14. Procédé selon l’une quelconque des revendications 1 à 13, dans lequel la composition est un produit non gonflé.

15. Procédé selon l’une quelconque des revendications 1 à 14, comprenant en outre les étapes de :

(v) broyage de la composition issue de l’étape (iii) ou (iv) pour produire une composition broyée, dans lequel
facultativement le procédé comprend en outre l’étape de :

(vi) agglomération de la composition broyée issue de l’étape (v) pour produire un agglomérat de composition
broyée, et
facultativement le procédé comprend en outre les étapes de :
incorporation de la composition broyée issue de l’étape (v) et/ou l’agglomérat de composition broyée issu de
l’étape (vi) dans la composition à l’étape (i) à un rapport de 5 % massique ou plus en termes de base
pondérale sèche.
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